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Vil)r;iti<in  st^ns  i  t  i  v  i  t  y  ,  which  .-ipptvi  red  ;is  .i  m.ijor  .slier  I  i- 1 'pi  i  ii  ■  ei  i”  '  '  i> 
hydiMulii:  system  monitors  in  n  pri'vions  RD'l'SiK  in .  2  proi'.r.im.  is  .i  lu  ii- 

[lar  imt'tor  to  hi'  inc  1  iidi'd  in  the  di've  1  opmeiit  ol  a  promi remi  n t  spi  r  i  1  ii-.i:  ien  i 
liydraiilic  contamination  monitors.  The  report  NAKC-CSKIJ- I  Oo  ( lie  vi  ■ '  i  .pi  i,  n  t  "i  i 
Procurement  Spec  i  I  ication  lor  an  In-line  Contamination  Monitorinr,  Uni!  )  |ir''|i''.i' 
a  tree-standing,  two-whoeled  cart  for  the  cont.amina  t  ion  monitor;  howivor,  hoc  n; 
ol  a  dcssire  to  avoid  further  proliferation  of  Ground  Supi'ort  r.tpiipmenl  iCSUi, 
the  NAVAIRSYSCOM  opted  for  a  test-stand-mounted  in-line  e  on  t  am  i  na  t  i  on  nKiiiitoi. 
Mount  inp,  on  a  hydraulic  test  stand  requires  the  monitor  to  withst.iiul  (hi  I’ihri 
tion  signature  of  the  test  stand  making  vibration  sensitivity  of  monitor'  .i 
critical  factor. 

Ttiis  report  establishes  vibration  parameters  for  ront.aminat  ion  monit.ii;, 
which  will  withstand  the  vibration  levels  experienced  on  the  AHT-h4  Ir.d r. o 1 1  i '• 
test  stand.  In  comparison  with  other  current  inventory  lest  stand.s,  the  AHT-ii-'. 
emits  the  highest  levels  of  vibration  because  it  is  a  diesel -powered  pumi>  unit. 
Vibration  tests  of  the  AHT-64  indicate  normal  vibration  amplitude  to  he  C  at 
a  critical  frequency  of  360  Hz. 

A  search  of  available  commercial  in-line  contamination  monitors  and  sub¬ 
sequent  testing  of  candidate  models  at  the  vibration  signature  levels  ol  i he 
AHT-64  revealed  a  monitor  which  functions  with  no  distortion.  The  concept 
of  employing  an  in-line  contamination  monitor  on  a  hydraulic  test  st.and  is 
feasible  and  vibration  sensitivity  data  for  the  report  NAF,C-GSED-1  (V)  is  esLab- 
1  ished . 

Consideration  is  given  to  application  of  the  contamination  mimiinr  to  i  h.' 
.AHT-64  test  stand.  This  consideration  e>.amines  requirements  lor  tlv'  physical 
pack.igo,  location  on  the  stand,  piping,  electrical  and  structural  clvinprs  to 
accomiTioda  te  the  monitor  package  plus  incorporates  portability  to  allew  movement 
from  stand  to  st.and.  A  listing  of  drawings  affected  in  the  application  ul  the 
monitor  to  tiie  test  stand  is  included  plus  a  general  statement  of  ch.ing.es  (o 
these  drawings. 

This  report  recommends  development  of  the  in-line  contamination  monitor 
concept  in  its  application  to  the  Portable  Hydraulic  Test  Stand,  AHT-64. 
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I.  INTRODUCTION 

A.  BACKGROUND.  NAEC-GSED- 105  (reference  (a))  established  the  feasihi'ilv 
of  an  in-line  hydraulic  system  contamination  monitor  to  provide  a  ''m-ni' 
typi'  indication  of  hydraulic  fluid  particulate  cc)n  tamina  t  ion  for  lirciMfL 
hydraulic  systems.  Vibration  sensitivity,  indicated  as  a  shortcc'minp,  in 
NAEC-CSED-105 ,  became  a  critical  factf>r  when  the  Naval  Air  Systems  Command 
(NAVA IRSYSCOM)  rejected  the  free-standing,  two-wheeled  cart  ( oncept  proposed 
for  the  monitor  and  opted  for  an  AHT-64  hydraulic  test  stand  (reference  (b)) 
mounted  monitor.  An  in-line  monitor  thus  mounted  must  withstand  the  vibratifjn 
of  the  A1IT-6A,  a  diesel  powered  test  stand  with  a  nine-piston  axial  hydraulic 
pump  experiencing  high  levels  of  vibration. 

B.  OBJECTIVE.  This  report  provides  engineering  data  establishing  the 
vibration  signature  of  the  AHT-6A  hydraulic,  test  stand.  The  report  also 
provides  data  indicating  the  ability  of  candidate  contamination  monitors  to 
operate  satisfactorily  at  the  vibration  signature  levels  of  the  test  stand. 
Further  objectives  are  the  examination  of  locations  on  the  test  stand  for 

an  in-line  contamination  monitor,  selection  of  the  optimum  location  and  inves¬ 
tigation  of  the  various  factors  Involved  in  the  development,  fabrication  and 
application  of  a  monitor  package  to  the  test  stand.  This  application  objective 
is  to  provide  a  suitable  monitor  with  simple  operation  and  "go-no  go"  indi  -ation 
of  hydraulic  fluid  particulate  contamination.  The  application  also  examines  l he 
feasibility  of  Interchange  of  the  monitor  package  from  one  test  stand  to  anuLher. 

C .  APPROACH. 

1.  In  order  to  fulfill  the  foregoing  objectives,  the  feasibility  for  locat¬ 
ing  an  in-line  monitor  on  the  test  stand  was  investigated.  When  NAVAIRSYSCOM 
opted  for  a  hydraulic  test  stand  mount  for  the  contamination  monitor,  -3  study 
of  possible  locations  on  the  test  stand  was  initiated.  Evaluation  of  possible 
locations  on  the  AHT-6A  hydraulic  test  stand,  the  selected  test  vehirle  for  a 
stand-mounted  contamination  monitor,  indicated  a  rear-mounted  monitor  location 
to  be  most  feasible.  Rough  sketches  of  a  proposed  concept  for  this  location 
are  Included  in  the  body  of  this  report. 

2.  Examination  of  requirements  to  satisfactorily  locate  the  monitor  on 
the  rear  of  the  AHT-6A  indicates  a  modification  of  the  test  stand  piping, 
electrical  system  and  support  structure  is  necessary.  Modifications  ari’ 
detailed  in  Section  II. 


Ref;  (a)  NAVAIRENGCEN  Technical  Report  NAEC-GSED-lt)5  of  lA  Jun  1977: 

Development  of  a  Procurement  Specification  for  an  In-line 
j.'  '  Contamination  Monitoring  Unit,  Final  Repc'rt  (Prepared  by 
V  J.J.  Coyle  for  NAVAIRENGCEN). 

(b)  NAVAIRSYSCOM  Technical  Manual  NAVAIR  17-15BF-66  of  1  Nov  1977: 
Portable  Hydraulic  Test  Stand,  Diesel  Engine  Driven,  Operation 
and  Maintenance  Instructions  with  Illustrated  Parts  Breakditwn 
(Teledynf  Sprague  Engineering). 
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5.  A  literature,  search  of  available  commercial  particle  contamination 
monitors  was  conducted  and  characteristics  compared  and  evaluated.  Support 
requirements  for  these  monitors  revealed  the  necessity  for  providing  a  motor 
pump  unit,  an  inverter  to  provide  120  VAC  of  sufficient  wattage  to  power  both 
motor  pump  unit  and  monitor,  and  a  debubbler  to  extract  entrained  air  from 
the  return  line  of  the  aircraft  prior  to  passage  through  the  monitor  transducer 
or  sensor. 


4.  With  required  components  established,  selection  and  packaging  of 
these  components  in  a  minimum  size  package  was  investigated.  Component 
irrnngement  was  developed,  and  a  package  design  concept  formulated.  A 
listing  of  primary  components  of  the  monitor  package  is  as  follows: 

a.  Transducer 

h.  Electronic  Signal  Analyzer 

c.  Hydraulic  Oil  Pump 

d.  Electric  Motor 

e.  28  VDC  to  120  VAC  Inverter 

f.  Debubbler  Unit 

Assemliling  these  components  into  a  package  18  inches  wide  by  18  inches  high 
bv  12  inches  deep  appears  feasible.  Figure  1  is  a  representation  of  the 
ontamiitat  ion  monitor  concept  as  applied  to  the  rear  location  of  the  AHT-64 
hvd i  Mu I  ic  test  stand. 

The  package  concept  requires  hydraulic  quick-disconnec t  type  fittings 
uiid  fle.xible  1  ises  and  an  electrical  harness  with  Cannon-type  connectors  in 
■ud.r  to  be  readily  removed  and  reconnected  to  another  test  stand.  Ail  of  the 
I  >.  iirLm.ary  components  are  contained  within  the  18"  x  18"  x  12"  package. 

a.  External  hydraulic  connections  to  disconnects  on  the  test  stand, 
which  effect  a  bypass  from  the  return  line  from  the  aircraft  (within  the 
pilling  in  the  .stand  directly  behind  the  suction  return  connection  port)  to 
the  |:  tekage  oil  pump,  thence  through  the  debubbler,  to  the  transducer,  and 
ilu-n  return  through  flexible  hose  to  the  test-stand  disconnect  and  into  the 
irn  line  downstream  from  the  pickup  point. 

h.  Tlie  externa'  electrical  connections  from  the  contamination  monitor 
aickige  to  the  test  stand  employ  flexible  cable  with  Cannon  plugs  on  each  end. 
ihi^  e.ible  brings  in  the  28  VDC  from  the  test-stand  altenator  to  the  inverter, 
till'  !  2')  VAC  output  of  which  operates  the  transducer  light  source,  electronic 
si  gill!  .analyzer,  and  the  pump  motor.  An  output  signal  from  the  signal  analyzer 
'(letati  s  a  "go-no  go"  Indicator  light  when  desired  hydraulic  decontamination 
'<  vfl  is  achieved.  The  "on-off"  switch  for  the  monitor  and  the  "go-no  go"  light 
mav  liilu'r  be  located  .adiacent  to  each  other  on  the  test-stand  control  panel  or 
I' '  -('where  within  clear  view  of  the  operator.  Both  "on-off  switch  and  "go-no  go" 
IS  1  may  be  mounted  directly  on  the  monitor  package  as  long  as  the  view  path 
and  acic'ss  is  clear  from  the  test-stand  control  panel. 
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6.  A  search  of  available  oil  contamination  monitors  adaptable  to  in-line 
monitoring  has  been  made  and  a  tabulation  compiled  indicating  features  such 
as  size,  coight,  adaptability  for  this  application,  estimated  cost  per  unit 
and  chrcM’  fogical  data.  Discussions  of  the  various  monitors  appear  in 
Socrion  II  and  brochures  of  specifications  for  each  are  included  in  Appendix  A. 
The  caiulidate  in-line  monitors  from  Table  f.  Page  12,  have  individually 
varying  cha rac t er is t Lc s .  Generally,  they  are  sensitive  to  entrained  particu¬ 
late  contaminants  ranging  on  the  small  end  of  the  scale  between  10.0  and  O.b 
microns,  sense  entrained  air  as  particulates,  and  because  they  use  light 
attenuation  and  reflection  ;is  a  means  of  measure,  do  not  provide  a  good 
indication  of  the  presence  of  water  in  the  oil-based  fluids.  Monitors 

having  very  sm.)  1  1  flow  passages  in  the  sensing  area  of  the  transducer  are 
subject  to  blockage  by  large  particles  and  require  reverse  flow  capability 
to  clear  the  transducer.  For  this  reason,  only  those  monitors  capable  of 
exceeding  a  minimitm  flow  rate  of  3  gpm  through  the  transducer  appear  to  be 
suitable  for  the  "go-no  go"  type  indication  and  for  providing  the  relatively 
l(>w  mainienanc-e  desired.  The  Mean  Time  Between  Failures  (MTBF)  due  to 
contaminants  in  transducers  is  unknown  and  would  need  to  be  determined  for 
the  candidate  monitors  selected. 

7.  Resolution  of  the  critical  factor  of  vibration  sensitivity  raised 
in  NAl'C-GRED-l 05  has  been  accomplished  by  a  two-step  effort.  These  inves¬ 
tigative  steps  are  detailed  in  Section  II. 

1.  Tlie  first  step,  determination  of  the  vibration  signature  of  the 
ei|nipment  on  which  the  in-line  monitor  is  to  be  mounted,  has  been  established 
and  is  reported  in  Appendix  B.  The  AHT-64  hydraulic  test  stand,  during 
operation,  has  a  normal  amplitude  of  2  G  at  a  critical  frequency  of  360  Hz 
as  determined  by  test. 

b.  With  vibration  levels  of  the  test-stand  platform  for  a  monitor 
established,  the  second  step  required  is  to  find  a  monitor  capable  of  sat¬ 
isfactory  operation  in  such  a  vibrational  environment.  An  in-line  contami¬ 
nation  monitor  has  been  found  which  does  operate  satisfactorily  in  the 
AHr-64  vibration  environment.  A  test  report  of  this  determination  is  included 
in  .Appendix  C. 
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II.  EQUIPMENT  AND  PROCEDURES 

A.  LOCATION  OF  MONITOR  ON  AHT-64  TEST  STAND.  Subsequent  to  a  NAVA l RS. : 
decision  to  locate  a  contamination  monitor  on  the  AHT-bA  livdraulic  ti'O  .land, 
occasioned  by  a  desire  to  avoid  proliferation  of  Ground  Support  Equ  i  I'lmoii  t  (AS!  ' 
in  aircraft  environments,  investigation  into  location  possibilities  for  a 
typical  monitor  package  revealed  five  possible  locations  on  tin  test  stanii; 
tliree  on  the  top,  one  aft  within  the  hose  stowage  area,  and  one  below  batwt'i  n 
tile  fork  pockets  in  a  heavy  steel  enclosure. 

1.  TOP  LOCATIONS.  The  three  top  locations  were  elimintited  primarily 
because  of  the  undesirable  feature  of  added  height  to  the  test  stand  but  also 
because  of  structural  complexity  required  to  provide  adequate  .support,  plus 
the  disadvantage  of  relatively  long  hydraulic  lines  through  area.s  where  the 
lines  will  hamper  maintenance.  For  some  models  of  the  available  contaminit  iin 
monitors,  hydraulic  lines  must  be  as  short  as  possible  because  monitor  response 
lags  with  Increase  of  line  length. 

2.  BETWEEN  FORK  POCKETS  LOCATION.  Investigation  of  the  space  between  • he 
fork  pockets  eliminated  same  as  a  location  for  a  monitor  for  the  fi'l lowing 
reasons ; 


a.  Insufficient  depth  to  accommodate  components  of  the  monitor 

package . 


b.  Vulnerability  to  fork  tines  even  with  a  relatively  heavy 

steel  ..Losure  to  the  monitor  package  space  between  the  test-stand  fork  pockets. 

c.  If  sealed  against  road  dirt  and  water,  heat  dis.sipation  of 
motor,  pump,  Inverter  and  electronic.?  would  be  a  problem. 

d.  Difficult  access  to  the  monitor  for  maintenance. 

e.  Svich  a  location  would  greatly  impair  ease,  of  transfer  of  the 
monitor  to  another  test  stand. 

3.  REAR  PANE!.  LOCATION 

a.  The  location  aft  within  the  hose  stowage  area  is  most  advantageous 
for  the  following  reasons: 

(1)  Easy  access  to  the  monitor  package. 

(2)  Easily  mounted  onto  aft  pipe  frame  ai.d  bedplate  of  trailer 

chassis . 

(3)  Readily  configured  lor  short  hose  quick  disconnects  Idi  both 
hydraulic  and  electric  lines,  thu.s  simplifying  the  change  kit  for  adapting 
AMI -64  stands  to  receive  a  con  t,amina  t  ion  monitor. 

(4)  The  high  visibility  of  this  location  from  the  operator's 
position  at  the  control  panel  allows  both  "on-off"  switch  for  the  monitor 

and  the  "go-no  go"  light  indication  of  state  of  oil  decontamination  to  he  mounted 
directly  on  the  contamination  monitor  package. 
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b.  A  disadvantage  appears  for  this  rear  location  -  vulnerability  to 
damage  by  having  the  monitor  package  extend  aft  beyond  the  chassis  of  the 
test  stand.  This  disadvantage  may  be  resolved  by  either  extension  bumpers  in 
the  area  of  each  rear  tie-down  ring  or  by  stiffening  all  support  structure 
members  for  the  monitor  package.  The  extension  bumpers  appear  to  be  the  most 
feasible  resolution. 

INVESTIGATION  OF  AVAILABLE  MONITORS. 

1.  MONITOR  SEARCH.  A  search  of  available  particle  contamination  monitors 
revealed  eight  companies  that  produce  monitors  of  varying  degrees  of  applica¬ 
bility  for  contaminant  monitoring  on  hydraulic  test  stands.  Of  these,  two 
monitors  were  actually  subjected  to  tests  and  only  one  of  these  operated 
sat Isf ac  torily . 

a.  Cost  Range,  Volume  and  Weight.  Known  costs  of  monitors  inves¬ 
tigated  ranged  from  a  low  of  $3,500.00  to  a  high  of  $17,000.00.  There  is 
also  a  rather  large  variance  in  the  size  and  weight,  the  smallest  and  lightest 

of  these  with  a  volume  and  weight  of  0.37  cubic  foot  and  10.5  pounds  respectively. 
The  other  extreme  is  over  12  cubic  feet  and  approximately  150  pounds  and  has 
the  highest  cost.  Because  of  a  desire  to  assemble  the  smallest  possible  con¬ 
tamination  monitor  package,  only  those  units  on  the  low  end  of  the  size  scale 
were  tested. 

b.  Equipment  Presentations.  Representatives  of  the  following  monitor 
suppliers  have  brought  their  equipment  to  the  Naval  Air  Engineering  Center 
(NAVAIRENGCEN)  tnd/or  discussed  the  application  with  NAVAIRENGCEN  Support 
Equipment  Engineering  Department  (SEED)  and  Sanders  and  Thomas  personnel  at 

the  NAVAIRENGCEN:  Environment /One  Corp.;  Leeds  and  Northrop  Co.;  Gam  Rad,  Inc.; 
Micro  Pure  Systems,  Inc.;  and  Mlllipore  Corp. 

c.  Monitor  Suppliers.  The  eight  monitor  suppliers  contacted  for 
data  applicability  to  the  AHT-64  are  as  follows  (those  who  gave  equipment 
presentations  are  preceded  by  an  asterisk): 

*(1)  Environment/One  Corp. 

2773  Ball  town  Road,  Schenectady,  NY  12309 
Attn:  W.  W.  Aker  (518)  346-6161 

*(2)  Leeds  and  Northrop  Co.,  Microtrac  Division 
Dickerson  Road,  North  Wales,  PA  19454 
Attn:  F.  Dempsey /R.  Snyder  (215)  643-2000 

*(3)  Gam  Rad,  Inc. 

46101  Grand  River,  Novi,  MI  48050 
Attn:  W.  E.  Helke  (313)  348-1005 

*(4)  Micro  Pure  Systems,  Inc. 

2  Oakwood  Place,  Scarsdale,  NY  10583 

Attn:  Tonis  Oja  (914)  723-0896/(401)  231-9429 

(5)  HIAC  Instrument  Division,  Pacific  Scientific  Co. 

4719  W.  Brooks  St.,  Montclair,  CA  91763 
Attn:  G.  Shinbrot  (516)  543-1310/(714)  621-3965 
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(6)  Spectrex  Corp.,  3594  Haven  Ave .  ,  RedwDod  City,  CA  94()()  i , 

Attn:  d.M.  Hoyte  (415)  165-6567 

*(7)  Mi  1 1 Ipore  Corp.,  Ashbv  Rd. ,  Bedford.  MA  01710, 

Attn:  R.W.  Schaefer  (HOO)  775-1180/(61  7)  775-97011 

(8)  Rovco  Instruments,  Inc.,  141  Jefferson  Drive,  'leiilo  I’ark,  CA 
94025,  Attn:  S.H.  I.aVallee  (617)  89 1 -5  120  /  <  .  1  > )  125-7811 

2.  MONITOR  PART  ICUl.ARS.  Table  1  lists  the  eij’,ht  cent  ami  na  l  ion  monitor 
nvinuf  ,ic  turers ,  physical  characteristics,  model  data,  cost  wher.  known,  and 
pertinent  ch  rono  I  o^  ica  1  data  rel.it  in>>  to  the  in  ves  t  i  ^a  t  i  on  . 

a.  H  LAC  Particle  Counter  Av.i  i  Labi  1  i  Ly  .  H  lAC  Instrument  Division, 

Pacific  Scientific  Company  particle  counter  PC-120  is  owned  by  S'/\KC  .and  used 
at  the  Franklin  Institute  and  NAEC  Tribology  Laboratory.  H lAC  PC-1  70  w.is 
made  available  tor  consideration  p  ^t  for  the  test  stand  a[)p  1  ica  t  i  on. 

Model  PC-120  has  been  replaced  by  L  PC-320  which  is  readily  .idiptable 

to  a  "go-nu  g<’''  type  indication  of  oil  cont.imin.i  t  ion . 

b.  Static  Bottled  Fluj.  Ipectrex  Corporation  laser  p.ar- 

ticle  counter  is  configured  to  i  linants  in  bottled  fluids  (such 

as  beer),  laser  scans  a  static  s  requires  a  15-second  cycle. 

Spectrex  did  not  appear  interest  a  ’-'ation  of  their  produi  t  t  '  suit 

this  appl  ica',.  i.on  ,  however,  did  fo  'iterature  (ui  their  product. 

c.  Extreme  Vibration  Sensltlv  Royco  Instruments  Iiu  .  m.inuiac- 

ture  very  sensitive  particle  counters  .able  for  particulates  ,is  sniii  1  '  .as 
.5  microns,  capable  of  determining  partcv-le  concentrations,  and  providing, 
digital  readout  for  simultaneous  automatic  counting  of  multiple  it.-irti  Ic  size 
ranges.  The  Royco  unit  is  extremely  sensitive  to  vibrai  iim  as  evidi'ni'cd  1," 
the  experience  .it  NAEC  in  the  Triliology  Laboratory,  and  conld  lU't  lo-  adopted 
to  an  AHT-64  mounted  monitor  pack.ige.  Vibration  sens  i  t  i i  ty  of  the  Model  .’70 
required  mounting  on  a  vibration  isolation  t.able  even  within  the  Tribologv 
Laboratory  because  of  structure-borne  disturbance  by  m.ai  liinerv  located  .it  .a 
considerable  distance  but  in  the  s.ame  hangar  building. 

C.  SIZING  OF  CONTAMINATION  MONITOR  COMPONENTS.  NAEC-GSF,D-1  05  indicated  th.at 
the  contamination  monitor  proposed  for  the  wheeled-cart  concept  'would  h.ivo 
dimensions  of  18”  by  18"  by  43"  high  Including  handles,  wheels  and  storage 
space  for  connecting  electric  cable  and  hydraulic  hoses.  By  locating  a 
contamination  monitor  on  the  AHT-64  test  stand,  the  electric  cable  and  hydrau¬ 
lic  hoses  are  reduced  to  a  minimum,  requiring  eithei  a  very  small  or  no  inter¬ 
nal  stowage  space  and  the  steering  handle  and  wheels  ire  eliminated.  With 
these  reductions  In  required  volume  and  by  optimum  ir  anging  of  the  components, 
a  package  18"  x  18"  x  12"  deep  appears  feasible,  witii  oth  the  electrical  cable 
and  hydraulic  hoses  normally  remaining  connected  to  the  Lest  stand.  Individual 
components  are  examined  for  size,  weight  and  compatibility  in  the  following 
paragraphs . 
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1.  S I  (INAL  ANALYZER.  Of  the  eight  monitors  listed  in  Table  I,  three  appear 
to  he  suitable  for  possible  application  to  the  AHT-64  package.  These  are: 

a.  Environment/One  Corp. 

Signal  Conditioner  Cat  //  B-lOl -00002G2 ,  S/N  00013 
Dimensions  6.5"  x  8.5"  x  11" 

Weight  8.5  Lb 

b.  HIAC  Instrument  Dlv. ,  Pacific  Scientific  Co. 

Analog  Particle  Counter,  Model  PC-120 
Dimensions  6"  x  8"  x  14" 

Weight  20  Lb 

c .  Gam  Rad ,  Inc . 

Enviro  Monitor  Fluid  Analyzer,  Model  260 
FA-166  Control  Station  PN  2575 
Dimensions  8"  x  8"  x  12" 

Weight  15  Lb 

2.  TRANSDUCER  OR  SENSOR.  The  pickup  sensor  or  transducer  for  use  In  con¬ 
junction  with  each  of  the  above  three  models  follow.  Of  these  the  Gam  Rad 
Inc.,  FA-128A  Sensor  PN  2576  is  least  desirable  because  of  size  and  weight, 
requiring  more  volume  and  weighing  nearly  as  much  as  its  matching  electronic 
control  station.  It  can,  however,  be  made  to  fit  into  a  projected  monitor 
package . 

a.  Environment/One  Corp, 

Transducer  Cat  #D-101 2N-007 ,  S/N  130 
Dimensions  2.38"  x  2.38"  x  4.50" 

Weight  2.0  Lb 

b.  HIAC  Instrument  Div. ,  Pacific  Scientific  Co. 

Sensor  Cat  CMB-1.0 

Dimensions  2"  x  2"  x  5.8" 

Weight  2  Lb 

c .  Cam  Rad ,  Inc . 

Enviro  Monitor  Fluid  Analyzer,  Model  260 
FA-128A  Sensor  PN  2576 
Dimensions  11"  x  11"  x  9" 

Weight  12  Lb  (Approx) 

3.  MOTOR  PUMP  FOR  HYDRAULIC  FLUID.  Of  the  three  remaining  candidate 
monitors,  the  Environment /One  Corp.  unit  requires  the  greatest  flow  rate,  a 
minimum  of  3  gpm.  The  pump  unit  selected  for  the  monitor  package  for  sizing 
piirposi's  will  deliver  5.46  gpm  at  100  psi  and  1  ,200  rpm.  Typical  pumps  operat¬ 
in'  n  tills  t  inj;  .  :an  be  purchased  flange  m-'unt  coupled  directly  to  end  cap 

of  mi’tor.  A  typical  motor  for  this  pump  requirement  is  1/3  hp ,  1,200  rpm  and 
[irovides  a  package  within  the  limiting  dimensions  of  the  proposed  monitor 
|i.u  kage  size.  If  the  motor  is  28  VDC,  frame  size  would  have  to  be  larger  to 
accommodate  the  additional  copper  in  windi'’g«=  Lnt  the  inverter  requirement 
would  not  then  need  be  sized  to  accommodate  the  motor  load.  Motor  pump  size 
projection  of  9"  x  9"  x  18"  is  predicated  on  use  of  Vickers  Pump  Model  No. 

V.’ 1 0-5- 1 C-1 2-5214 ,  flange  mounted  on  a  motor  of  NEMA  frame  size  182  or  184. 
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Estimated  weight  of  this  motor  pump  unit  is  45  pounds.  See  Appendix  A  for 
reprints  of  pump  and  motor  data  extracted  from  the  Vickers  Catalogue. 

4.  28  VDC  TO  120  VAC  INVERTER.  Sizing  of  the  inverter  required  to 
operate  the  monitor  package  is  based  on  a  demand  for  115  VAC  by  three  mi  i  t ;; 

in  the  monitor:  the  circulator  pump  motor,  the  signal  analyzer  and  the  trans¬ 
ducer  or  sensor.  In  each  case  of  the  three  candidate  monitors  the  transducer 
or  sensor  is  powered  through  the  signal  analyzer.  The  maximum  wattage  is  150 
for  Gam  Rad's  "Enviro  Monitors",  the  minimum  10  watts  for  Environment /One, 
Allowance  for  the  115  VAC  pump  motor  and  the  analyzer  transducer  package  ot 
500  watts  total,  with  a  2-to-l  surge  capability  for  starting  the  motor,  is 
planned.  For  planning  purposes  a  DC-to-AC  inverter,  Model  1172  heavy-duty 
500-watt  square-wave  inverter,  manufactured  by  Wllmore  Electronics  Co.  Jnc. 

(see  EEM/1980,  81  p.  3495,  Vol.  2),  is  selected  with  dimensions  of  7"  x  8-1/2" 

X  11"  and  weighing  32  pounds.  A  reprint  from  the  EEM  catalog  is  included  in 
Appendix  A. 

5.  DEBUBBLER.  During  particulate  decontamination  of  an  aircraft  hydr.iiilic 
oil  system,  entrained  air  in  the  return  line  is  read  as  particulate  matter  by 
contamination  monitors;  thus  any  gasses  must  be  removed  before  the  oil  passes 
through  the  transducer  or  sensor.  To  accomplish  this,  a  debubbler  installed 

in  the  line  upstream  between  the  return  line  and  the  sensor  will  vent  trapped 
gasses.  A  typical  debubbler  or  deaerator  requires  a  verticril  cylinder  approxi¬ 
mately  4  inches  in  diameter  by  14  inches  high  and  weighs  approximately  14 
pounds  (with  system  full). 

D.  SIZING  AND  ARRANGEMENT  OF  CONTAMINATION  MONITOR  PACKAGE.  An  estimated  size 
for  the  monitor  of  18"  x  18"  x  12"  deep  appears  reasonable  based  on  the  size 

of  commercially  available  components.  Packaging  of  these  components  within 
this  space  is  tight;  however,  by  mounti~g  units  on  bottom  and  back  only,  with 
front,  sides,  and  cover  removabie,  access  to  components  will  be  adequate.  All 
vertical  faces  of  the  container,  including  the  door,  will  be  louvered  in  order 
to  dissipate  heat  buildup  from  motor,  pump,  inverter,  and  debubbler.  Figure  2 
shows  an  arrangement  whereby  the  components  may  be  contained  in  the  proposed 
package  as  well  as  a  representation  of  the  monitor  package  as  applied  to  the 
AHT-64  test  stand. 

E.  REMOVAL  AND  REPLACEMENT  CAPABILITY.  In  order  to  provide  n  monitor  package 
that  can  be  easily  removed  and  replaced  on  the  AHT-64  test  stand,  a  change  kit 
needs  to  be  developed  for  attachment  to  the  tesc  stand.  A  typical  change  kit 
provides  a  mount  for  the  monitor  package  which  rests  on  and  is  bolted  to  the 
bedplate  of  the  chassis  and  is  bolted  to  mounting  lugs  welded  to  the  component 
assembly  bridge.  Figure  3  shows  the  location  for  the  mounting  lugs  on  the 
component  assembly  bridge  and  the  area  for  bolting  i he  support  to  the  chassis 
bedplate.  In  order  to  provide  ventilation  from  the  p  and  filter  area  of  the 
test  stand,  the  mount  employs  vertical  angles  as  stand-u  ''s  to  allow  for  this 
ventilation  and  also  to  provide  space  to  bring  out  lines  for  electrical  and 
hydraulic  connections.  Figure  4  shows  a  conceptual  arrangement  of  this  mounting 
method  on  the  AHT-64. 
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1.  ELECTRICAL  CONNECTION.  The  change  kit  necessarily  includes  i  wire 
harness  to  connect  the  28  VDC  output  from  battery/al ternato.-  system  to  a 
Cannon  plug  on  the  exterior  of  the  stand  behind  the  location  of  the  contami¬ 
nation  monitor.  A  mating  connector  from  the  contamination  monitor  then 
connects  the  monitor  to  the  stand. 

2.  MONITOR- STAND  HYDRAULIC  CONNECTION.  Hydraulic  connections  from  the 
test  stand  to  the  monitor  include  two  hydraulic  lines  Lapped  from  tees  in 
the  hydraulic  return  line  within  the  test  stand  (behind  the  return  connec¬ 
tor  from  the  aircraft)to  quick  disconnects  on  the  stand  behind  the  monitor 
package.  Short  flexible  lines  extend  from  the  monitor  couple  to  these 
disconnects  for  the  pickup  and  return  flow  through  the  transducer.  The  return 
flow  from  the  monitor  transducer  is  to  the  downstream  tee  in  the  low-pressure 
return  line. 

F.  ELECTRICAL  INTERCONNECTION  WITH  TEST  STAND 

1.  28-VDC  POWER  SOURCE.  Electrical  power  needed  for  the  contamination 
monitor  is  provided  by  a  line  from  the  positive  side  of  the  battery  and  alterna¬ 
tor  as  shown  on  electrical  schematic  diagram.  Figure  1-10  of  NAVAIR  17-13BF-66; 
the  line  runs  through  the  ignition  switch  to  a  Cannon  plug  on  the  back  of  the 
test  stand,  thence  to  an  "on-off"  switch  in  the  monitor  package.  The  monitor 
"on-off"  switch  is  connected  to  the  28-VDC  to  120-VAC  inverter  and  thence  to 
ground.  The  120-VAC  500-watt  output  from  the  inverter  connects  to  the  pump 
motor  and  signal  analyzer.  An  interconnection  from  the  signal  analyzer  powers 
the  transducer  or  sensor. 

2.  POWER  CABLE.  To  provide  an  easy  electrical  disconnect  capability, 
a  short  flexible  cable  extends  from  the  rear  of  the  monitor  package  for 
connection  to  the  Cannon  plug  on  tlse  test  stand.  When  the  monitor  package 
is  removed  from  its  mount  on  the  hydraulic  test  stand,  the  conneiting  elec¬ 
trical  cable  may  be  stowed  within  the  package. 

G.  HYDRAULIC  INTERCONNECTION  WITH  TEST  STAND.  Interconnection  with  the  tt'Si 
stand  may  be  made  by  Incorporating  a  pickup  tee  and  tube  in  tube  as,sembly-5 

of  piping  installation  Part  No.  68AA-J800-1  (Figure  9-4  of  NAVAIR  17-15BF-66). 
This  pickup  tube  extends  to  a  point  behind  the  mounting  area  of  the  monitor 
and  terminates  in  a  coupling  half.  The  mating  half  to  this  coupling  connects 
with  the  inlet  side  of  the  monitor  package  pump  through  appropriate  hose, 
couplings,  fittings  and  tubing.  After  passage  through  the  components  in  the 
monitor  package,  a  discharge  line  passes  through  appropriate  tubing,  fittings, 
and  hose  back  to  another  coupling  half  on  the  test  stand.  The  mating  coupling 
half  on  the  test  stand  discharges  into  tube  assemblv-6  of  Part  No.  68A4-J800-1 
through  appropriate  tube  and  fittings.  The  inter 'onuecting  hoses  iiviy  be  removed 
from  respective  couplings  on  the  test  stand  and  moniior  package  and  stowed  with 
the  monitor  package  when  the  monitor  is  to  be  transU  red  to  another  test  stand. 

H.  PHYSICAL  ADAPTATION  TO  STAND  STRUCTURE.  Previous  discussion  and  evaluation 
has  established  the  location  on  the  rear  of  the  test  stand  as  optimum  for  the 
monitor  package.  Paragraphs  lI.E.l  and  II. E. 2,  when  considering  removal  and 
replacement  capability  from  the  rear  location,  refer  to  mounting  the  monitor 
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p,uk.it;i'  iM!  the  tube  (6KA4-IJ6  1- i  )  of  the  bridge  .issenibiy  (68A4-J614  or  68A5-J6I0) 
ind  to  the  rear  pane  i -a.ssonih  i  y  top  surface  ((}8a4-F'31  or  68A4-J607)  of  the 
chassis  assembly  (68A4-J20  or  68A4-,)903).  hugs  welded  to  the  tube  (68A4-D63-1) 
will  absorb  horizcinta’  forces  imposed  at  the  top  of  monitor  mounts,  and  vertical 
loads  will  be  ab.sorbe('  by  the  top  flange  of  the  rear  panel  assembly  (68A4-F31 
or  h,SA4 -.160  7 .) .  A  mounti  ig  structure  as  represented  in  Figure  4  will  be  bolted 
to  tile  lugs  on  the  bridge  assembly  Lube  and  to  the  rear  panel  assembly.  This 
nioiintinc  structure  is  fabricated  from  structural  angles  and  steel  plate.  A 
■iitout  in  the  rear  end  housing  (68A4-F17)  will  enable  the  end  housing  to  be 
ro-moved  without  removal  of  monitor  mounts.  Tlie  cutout  portion  will  be  secured 
to  the  nii'iiitor  mount  to  rmiintain  pri-seut  closure  and  ventilation.  An  external 
:)o\  sliowu  on  some  models  of  the  rear  panel  assembly,  presumably  added  for 
stowac.e  of  the  f  ill  system  outlet  hose,  will  be  removed.  Other  stowage  for 
this  hose  may  he  tasid  i  I  v  accomplished. 

1.  MNINTFNANOE  (.ONS  1  OKRA  1' I  ON  S .  Tlu'  foregoing  modification  and  structural 
additions  to  the  AHT-b4  tei>t  stand  will  not  impair  any  operations  of  the 
St  ind  ,  ,uul  added  strui  tnr.il  members  fur  the  monitor  may  be  readily  removed  if 
disassembly  is  re'iuiri'd.  Mounting  lugs  welded  to  the  bridge  assembly  tube 
do  not  intiTtere  with  any  assemb  1  y /disasseenb  I  y  procedures  of  the  stand.  Other 
supports  are  bc'lticd  to  the  chassis.  Unions  at  the  connection  points  to  the 
I’.ydraulic  suction  return  line  tube  assemblies  will  make  added  piping  above 
the  chassis  bed[)laLe  removable  if  required  during  any  major  teardown  of  the 
test  stand. 

OPERATION  AND  MAINTENANCK  CHANGES.  Maintenance  and  operations  are  less 
convenient  wit!  the  addition  of  the  monitor  package  to  the  stand.  The  high- 
pressure  filter  will  be  more  difficult  to  change  and  attachment  of  the  coup¬ 
ling  end  to  the  suction  return  connection  port  will  require  the  operator  to 
Secure  same  from  a  squatting  position.  The  present  stowage  arrangement  on 
the  Lest  stand  for  pressure  outlet  and  suction  return  hose  is  not  compromised 
by  tile  addition  of  the  monitor  package.  The  hose  storage  manifold  and  valve 
will  be  more  convenient  to  use  If  rotated  90°  with  the  valve  handle  extended 
ifr  rather  than  down.  Provision  of  bumpers  on  the  aft  panel  of  the  chassis 
and  iocation  of  tlu’  monitor  package,  will  negate  vulnerability  occasioned  by 
this  va 1 ve  ro La t  ion. 

3.  TF.ST- STAND  PARTS  AFFECTED.  A  listing  of  test-stand  components 
I  eqiii  r  iiic  change  to  accommodate  the  in-line  monitor  and  a  description  of 
Idle  diange  is  indicated  in  Table  II.  The  part  number  column  lists  those 
jiart  numbers  for  Teledyne  Models  68A4-J600  and  68A4-J800.  Where  duplica¬ 
tion  items  appear  in  the  de.scription  column,  these  are  to  accommodate  the 
(I  i  f  fereiices  between  models. 
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TABLE  II.  TEST-STAND  PARTS  CHANGES  FOR  MONITOR 


DESCRIPTION 


Bridge  Assembly* 

II  II 


Chassis  Assembly 


Component  Assy  Bridge 

11  il  (« 

Component  Assy  Rear 
Housing 

Hyd  Test  Stand  Assy 


Internal  Component  Assy 

It  II  II 

11  •<  II 

Piping  Installation 

II  II 

II  M 

11  II 

Rear  End  Housing 

Rear  Housing  Assy 
Rear  Panel  Assy 


Right-Hand  Side  Panel 
Assy 

Wiring  Installation 


TELEDYNE 
PART  NO. 


68A4-J54 

68A4-J55-1 

68A4-J614 

68A4-J20-9 

68A4-J607 

68A4-il903-l 

68A4-J613 

68A4-J902 

68A4-F612 


68A4-J600/ 

-J800 

68A4-J2 

68A4-J601 

68A4-J901 

68A4-H731 

68A4-H731 

68A4-H913 

68A4-H913 

68A4-F17-1 


68A4-F610 

68A4-F31-1 

6aA4-F21-l 


68A4-D741-1 

68A4-D586 


CHANGE  TO  DRAWING 


Add  welded  lug  for  monitor  support 

II  II  II  II  M  n 

II  II  It  II  II  M 

Show  added  holes  for  support  brackets 

II  il  II  II  II  fi 

Show  reqd  holes  for  support  structure 
Show  welded  mounting  lug  on  drawing 


Show  cutout,  remove  reflector  and 
hose  storage 

Modify  sheets  of  assy  to  show  monitor 


Change  view  sheets  4,  5  and  6 

.  2,  4,  F,  6  and  7 

Change  B/M  and  view  sheets  3,  4,  5  and  6 

Add  tee  in  tube  68A4-D404-29  for  pickup 

. .  68A4-0571-23  for  return 

Change  elbow  MS51521820  to  tee  for  pickup 
Add  tee  in  tube  68A4-C921-1  for  return 

Make  cutout  for  clearing  supports,  remove 
hose  storage  box  68A4-C16-1,  remove  right 
hand  reflector  from  housing 

Change  view  to  show  changes  on  68A4-F17-1 

Add  bolt  hole  for  mounting  bracket  on 
top  flange  of  -11,  add  bumper  extension 
brackets  and  relocate  tie-downs 

Add  mounting  bolt  hole  to  68A4-608-1 
top  rear 

Add  connect! no  able  to  monitor  switch 


*  These  3  assemblies  have  lug  welded  to  tube,  bridge  assy  68A4-D63. 
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I.  EVALUATION  OF  CANDIDATE  MONnORS 

I.  UKNERAl..  In  pa  raj;  rap  hs  II. B  and  11. C,  invest  ij>a  t  ion  ol  the  eight 
landidate  monitors  reve.ilid  in  a  d.ata  search  eliminated  all  but  three  models. 
Details  at'  all  eight  candidati^s  are  listed  in  Table  1  and  reasons  for  reject¬ 
ing  five  discussed.  The  renviining  three  were  considered  for  their  size, 
weight  and  c  ,mpa t ib i 1 i ty  in  a  proposed  monitor  package.  Of  the  three  can¬ 
didate  monitors,  the  En vironmen t /One  Corp.  signal  conditioner  and  transducer 
were  tht-  only  units  which  had  been  flight  certified  and  had  seen  service  in 
the  Na\o>''s  X-7  aircraft.  Also  the  Environment /One  unit  is  the  smallest  and 
'ightest.  Pertinent  data  of  these  three  candidate  monitors  appear  in  Table  IIL. 

J.  AUXILIARY  COMPONENTS  AND  PARAMETERS.  Each  of  the  three  monitor.s 
reipiire  an  auxiliary  circulator  pump,  a  28-VDC  to  120-VAC  inverter,  and  a 
debuhbler  to  extract  entrained  air  from  the  hydraulic  fluid  in  order  to  be 
adapt  ib!e  to  the  AHT-64  test  stand. 

a.  Power  requirements  for  each  of  these  monitors  is  of  relatively 
iliglit  significance  in  light  of  the  fact  that  the  pump  motor  starting  torque 
denruuis  an  inverter  capable  of  providing  an  estimated  500  watts  at  120  VAC. 

h.  Cunt  ttmina t ion  monitor  package  size  and  weight  are  very  nearly  the 
rime  tor  e.ich  of  these  three  monitors  since  the  motor  pump  unit,  dehubbler 
,ind  inverter  ticcount  for  approximately  65%  of  the  package  volume  and  approxi- 
laately  85%  of  the  weight. 

c.  Operating  pressure  for  these  monitors  in  the  AHT-64  aircraft 
return  line  environment  will  always  be  less  than  the  lowest  rated  pressure 
Ol  the  three  monitors. 

d.  Shock  will  not  be  a  critical  factor  for  this  application  because 
the  ui.iss  of  the  test  stand  will  effectively  attenuate  imposed  shocks  below 
critical  levels  of  monitor  components.  Any  revealed  sensitivity  to  shock 
may  be  readily  cushioned  for  such  small  components  as  employed  in  the  monitor 
pack.ige.  Vibration  as  a  factor  influencing  performance  of  in-line  contamina¬ 
tion  monitors  is  discus.sed  in  the  following  paragraphs. 

J.  VIBRATION  SIGNATURE  DETERMINATION  OF  TEST  STAND.  The  vibration  sensitivity 
poiute'd  out  as  a  deficiency  of  in-line  contamination  monitors  in  report  NAEC- 
'.sLD-l()5  has  been  overcome  through  a  two-step  process.  Tlie  first  step  of  the 
proc.ss  is  determination  of  the  vibration  signature  of  the  vehicle  on  which 

I  tu-  (  oiitamlna t i on  monitor  will  be  mounted.  Tlie  second  step  is  determining 
the  capability  of  candidate  monitors  to  withstand  the  vibration  levels  of  the 
.  irrving  vehicle.  The  following  paragraphs  present  the  findings  of  the  vibration 
signature  investigation  of  the  AHT-64  hydraulic  test  stand.  The  AHT-64  was 
Selected  as  the  vehicle  on  which  to  mount  an  in-line  contamination  monitor 
her  '  le ,  ('I  all  the  mobile  hydraulic  test  stands,  it  appears  to  experience 
the  higliest  level  of  vibration.  This  high  level  of  vibration  is  caused  pri¬ 
marily  bv  the  diesel  engine  drive  of  its  3,000-psi,  28-gpm,  nine-piston 
pimp.  Also  the  AHT-64  is  a  high  inventory  test  stand. 
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TABLE  III.  CANDIDATE  MONITOR  EVALUATION 


TYPE  DATA  - 
COMPONENT 

enVironment/one 

SIGNAL  CONDITIONER/ 
TRANSDUCER 

HIAC 

PC  120 

Volume;  Analyzer 

0.352  Cu  Ft 

0.390  Cu  Ft 

Sensor 

0.015  Cu  Ft 

0.002  Cu  Ft 

Total 

0.367  Cu  Ft 

0.392  Cu  Ft 

Weight:  Analyzer 

8.5  Lb 

18  Lb 

Sensor 

2.0  Lb 

2  Lb 

Total 

10.5  Lb 

20  Lb 

Pressure:  Operating 

100  Psig 

85-3,000  Psi 

Test 

600  Psig 

- 

Operating  Temperature: 

Analyzer 

200°  F 

- 

Sensor 

350°  F 

200°  F 

Input  Power 

117  V 

110-240  VAC 

47-400  Hz 

50-60  Hz 

10  W 

40  W 

Sensor:  Shock 

15  G 

Vibration 

50  G  at  2,000  CPS 

- 

Analyzer;  Shock 

15  G  (on  board 

model  only) 

- 

Vibration 

2.2  G  at  3,600  CP: 

■■ 

Particulate  Range 

2  +  PPM 

n-100,  0-300, 

O-IK,  0-3K  PPM 

Flow-Rate  Range 

3-20  Gpm 

Uniform  flow  rate 

Cost  Per  Unit 

$3,500 

$10,000  (PC-320) 

GAM  RAD' 
ENVIRO 
_ MompR 

0  445  Cu  Ft 
0.631  Cu  Ft 
I .076  Cu  Ft 

15  Lb  (Approx) 

12  Lb  (Approx) 

27  Lb  (Approx) 

250  Psi  (Apor-ox) 
325  Psi 


190°  F 
190°  F 

117  VAC 
50-60  Hz 
150  W 


50  PPb  to  50K  PPM 


0-75  Gpm 
$3,150 
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1.  COMMKBCIAI.  TKSr  COHl’ANY  S Kl, HICT 1  ON .  A  number  of  commercial  companies 
were  ciinlactod  to  provide  monitoring  equipment  for  use  by  NAVAIRENCCEN 
laboratiiry  personnel.  Response  was  extremely  varied  in  cost  both  for  purchase 
■ind  rental  of  equipment  with  lead  times  extended  and  costs  high.  The 
NAVAiRENGCEN  Test  Department  Electronic  Division  and  a  number  of  commercial 
testing  companies  were  requested  to  quote  on  performing  vibration  signature 
analysis  of  candidate  AHT-64  test  stands.  This  service  was  provided  by; 

Vibration  Specialty  Corporation 

100  Geiger  Road,  Philadelphia,  PA  19115 

The  vibration  signature  analysis  is  reprinted  in  Appendix  B. 

2.  VIBRATION  SIGNATURE  ANALYSIS.  A  vibration  signature  analysis  of 

tw<i  AHT-64  hydraulic  test  stands  was  performed,  one  at  Naval  Air  Engineering 
Center,  Lakehurst ,  and  one  at  Naval  Air  Station,  Willow  Grove,  PA,  (stand  143 
iud  117  respectively),  to  determine  existing  vil>ration  ampl  itu<les  and  frequencies. 

a.  Vibration  energy  was  monitored  at  seven  locations  on  the  test 
stand  as  shown  in  Figure  5.  Signatures  were  recorded  in  the  horizontal, 
vertical,  atid  axial  directions  under  idle  (1,000  rpm) ,  full-speed  (2,400  rpm) , 
lijaded  (3,000  psig),  unloaded  and  transient  conditions.  Each  signature 

(see  Appendix  B)  shows  vibration  amplitude  in  G  acceleration  versus  frequency 
in  Hz.  'File  amplitude  (vertical  scale)  is  logarithmic  with  f  ul  1 -sea  le  equal  to 
1  G  or  10  G  as  indicated.  The  frequency  (horizontal  scale)  is  linear  from 
zeto  to  2,000  Hz  with  4  Hz  resolution.  Described  in  the  heading  are  test  stand 
number,  test  p.'sltion,  total  overall  vibration  level,  various  instrument 
suitings,  .md  test  stand  operating  conditions. 

b.  Vibration  amplitude  response  varied  by  a  factor  of  two  or  more 
between  the  two  test  stands  due  to  structural  integrity  differences,  not  input 
energy  differences.  Vibration  frequency  response  was  consistent  on  both  test 
.■5tcind.s  -  that  is,  360  Hz  was  the  major  source  and  response  frequency. 

c .  Basically  all  input  energy  was  measured  at  positions  6  and  7, 

Fig, lire  5.  Test  po.sition  6,  Figure  5,  was  the  hydraulic  pump,  where  loaded 
(3,000  psig)  and  unloaded  (zero  gauge)  pressure  variations  were  tested. 

Measured  and  recorded  wore  the  change  in  vibration  energy  levels  produced 
by  t!ic  two  conditions. 

d.  Stand  143  showed  a  considerable  increase  in  vibration  (almost 
double)  with  load  (see  Appendix  B,  Figures  20  and  41).  Stand  117  showed 
voiy  little  increase  (about  10  percent),  as  seen  in  Figures  60  and  77  of 
Appendix  B.  The  major  vibration  frequency  was  360  Hz,  or  nine  times  the 
operating  speed  (2,400  rpm  =  40  Hz).  It  was  determined  that  the  pump  had  nine 
pistons  working  axially,  which  explains  the  high  ninth  harmonic  response  in 
ill  -cst  positions,  predominantly  in  the  axial  direction. 

e.  Test  position  7,  Figure  5,  was  the  diesel  engine  on  both  stands, 

1  (tatjng  at  2,400  rpm,  with  or  without  pressure  load  on  the  pump.  The 
engine  vibration  levels  recorded  on  each  stand  were  very  similar,  and  there 
Were  no  appreciable  changes  with  pump  loading  (Appendix  B,  Figures  22,  43, 

62  and  7H) .  The  nv'ijor  frequency  source  from  the  diesel  was  the  40  Hz  signal 
and  i  he  associated  harmonics. 
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ORTHOGONAL  LEGEND 
VERTICAL 


Figure  5.  AHT-64  Vibration  Test  Positions 
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.  St- rue  Lii  I  1 1  i  b  iM  I- i  oil  rosponso  was  nifasumd  and  its  frequency 
■uuiitu.n  ii’ii.it  lit  c  rocoi  (.ltd  at  five  different  loc.itions  on  the  AHT-64  struc¬ 
ture.  Kemenibt*r,  tlie  ntiiot  frequency  on  all  signatures  on  both  test  stands 

WU  .S  t  ll '  I  i  I  /  . 

c.  The  iiieiicsi  .implitude  response  (2.2  (1)  on  stand  I4'j,  was  at 
P  I  ;  i  !  i  on  1,  I'iuiire  5  f  Aiuieiid  i  x  B,  Ki^urt'  16),  which  is  the  underside  of 
'  b.ise  uiructure  of  the  stand.  A  level  almost  equal  to  this  (2  G)  was 
i.crrdetl  i  a  the  axial  direction  at  positions  I  and  3,  Figure  5  (Appendix  B, 

1  iruieu  _(i  ,ind  12).  Posit  ion.s  2  and  4,  Figure  5,  showed  levels  around  1.5  G 
lApp'  nil  ;  i'. ,  !  igures  29  and  15). 

h.  :n  comparison,  lest  stand  117  had  the  highest  response  (7  G) 

It  position  4,  Figure  5  .ixial  (Appendix  B,  Figure  71).  The  next  highest 
1.  spoil. u'  on  stand  117  was  3  to  4  G's  (still  higher  than  141)  at  positions  2 
Old  i,  i'igiiri^  5  (Appendix  B,  I'igure.s  67  and  68).  Positions  1  and  5,  '^igure 
),  ti  id  levels  ..iroiind  1  to  2  G. 

t.  ilie  only  explanation  for  this  drastic  difference  in  response 
betuxeii  these  two  test  stands  would  be  the  way  the  control  panel  is  connected 
tc  the  rib  .etrneture  at  those  points.  in  other  words,  stand  141  is  stiffened 
liy  tile  ribs  being  rigidly  connected  together  by  the  control  panel,  and  stand 
il7  is  less  rigid  by  lieing  loose  or  possibly  not  connected  at  all,  thereby 
allowing  this  center  point  to  vibrate  excessively.  Upon  examination,  bridge- 
issenibly  mounting  bolts  were  found  to  be  loose  and  several  welds  on  the  bridge 
'■  rac  kod  . 

i.  A.N'Ai.YSp^SLW^RY 

a.  iTie  excitation  energy  on  each  test  stand  was  similar,  producing 
1  .'.imii  .r  frequency  response.  However,  the  amplitude  response  was  different 
bv  .1  iacti  r  of  two  or  more.  Therefore,  the  instrument  package  which  is  to  be 
o  itid  Oh  the  AHT-64  structure  must  be  able  to  withstand  vibration  frequencies 
.11  iind  .ibO  Hg.  However,  the  amount  of  vibration  energy  it  must  withstand  is 
'  I  i  i  i  ill  question. 

h.  if  we  assume  that  test  stand  143  had  "good"  structural  integrity 
uul  uoed;-.  no  further  reinforcements,  etc.,  and  we  assume  that  test  stand  117 
.  uul  be  ;  i.scd  .'uid/or  reinforced  enough  to  respond  similar  to  143,  then  the 
i.n  luut  o  vibration  energy  which  must  be  withstood  by  the  instrumentation  would 
'll-  I,'-;  if  mounted  on  the  rear  of  the  stand  below  the  control  panel  (positions 
,  .'  in.d  i  oil  Figure  5). 

K  .  1/ 1 B  RATI  ON  TOL  ERANCE  _0F^  MONJ  JORS 

1.  After  de; ermination  of  the  vibration  signature  of  the  AHT-64  test 
-  ,  .1  iionde.structive  test-bench  setup  was  devised  which  would  allow  candidate 

III  t  in  i  na  t  i  on  monitor  components  to  be  gradually  subjected  to  increasing 
u  i[)  1  j  tiide.s  .at  the  critical  frequency  of  the  AHT-64.  This  test  bench  enables 
l•.■uit^rs  to  be  tested  for  their  ability  to  perform  satisfactorily  in  the  simula- 
'  cd  vilir.'il  ion  environment  of  the  AHT-6''i. 

d.  i'lii  se  tests  indicate  that  an  in-line  contamination  monitor  does  exist 
will  li  wiM  operate  sa  t  i  ;  fac  t  or  i  1  y  at  the  Airr-64  hydraulic  test-st.ind 
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vibration  signature.  Procedures,  results  and  i I  1 usl ra L i ons  of  this  test -btauli 
setup  are  included  in  their  entirety  in  Appendix  i.  Of  the  three  monit.rs 
selected  as  applicable,  two  were  made  available  for  tests.  Of  the  two  whic'ii 
were  tested,  one  proved  satisfactory  and  the  other  could  not  be  tested 
adequately  because  it  was  determined  to  be  inoperable  iirior  to  anv  vibration 
excitation.  This  model,  the  H lAC  PC-120,  is  no  longer  manufac I ur.  d  and  has 
been  replaced  by  a  Model  PC-320  which  can  be  provided  with  a  signal  closure 
device  for  automatic  shut-off  at  a  predetemined  degree  of  fluid  particulate 
decontamination.  Vibration  sensitivity  of  PC-320  is  unknown. 
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111.  CONCLUSIONS 

A.  Det  ^'rmina L ion  oi  the  vibration  signature  of  the  AHT-64  hydraulic  test 
stand  provides  timplitude  and  frequency  data  required  to  complete  the  hydrau¬ 
lic  coutainina c ion  monitor  specification  in  NAEC-CSED-105 ,  Development  of  a 
Procurement  Spec  if ica t ion  for  an  In-Line  Contamination  Monitoring  Unit. 

B.  A  commercial  in-line  contamination  monitoring  unit  has  been  satisfac¬ 
torily  tested  for  opeiation  at  the  critical  frequency  and  amplitude  of  the 
AHT-64  liydraulic  test  stand. 

C.  A  font. imina t Lon  monitor  package  concept  has  been  developed  which  is 
adaptable  to  the  AHT-64  hydr.anlic  test  stand. 

D.  The  modif icat ion  of  AHT-64  test  stands  to  incorporate  an  in-line  contami¬ 
nation  monitor  is  compatible  with  present  operation  and  maintenance  procedures 
of  the  test  stand. 
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IV.  RECOMMENDATIONS 

A.  Development  of  an  In-line  contamination  monitor  package  is  recommendcil . 
Tliis  will  include  assembly  of  primary  component?  in  a  common  enclosure, 
mounting  on  a  test  stand  and  operating  for  an  engineering  evaluation. 

B.  It  is  recommended  that  concurrent  with  development  of  the  in-line 
contamination  monitor  a  modification  kit  be  developed  for  adapt  ition  oi 
the  monitor  to  the  AHT-64  hydraulic  test  stand. 

C.  The  vibration  signature  data  contained  herein  should  be  added  to  the 
procurement  specification  NAEC-CSF.D-105,  Development  of  a  Procurement 
Specification  for  an  In-Line  Contamination  Monitoring  Unit. 
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APPENDIX  A 

MANUFACTURERS'  DATA  FOR  CANDIDATE 
IN-LINE  CONTAMINATION  MONITORS 

The  manufacturers'  data  is  presented  in  the 
following  order: 

Gam  Rad,  Inc . 32 

Environment/One  Corp . 38 

HIAC  Division,  Pacific  Scientific  Co . 48 

Leeds  &  Northrup  Co . 55 

Micro  Pure  Systems  Inc . 62 

Royco  Instruments  Inc . 67 

Spectrex  Corp . 72 

Vickers  Inc . 78 

Wilmore  Electronics  Co.,  Inc . 80 
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Thi:  partial  list  of  parameters 
indicates  the  many  instrument 
systems  available  in  the  Enviro 
Monitor  line.  If  your  particular 
requirement  is  not  listed,  don't 
hesitate  to  contact  the  factory 
for  recommendations. 

AMMONIA 

CALCIUM 

CHLORIDE 

CHROMIUM,  HEXAVALENr 

conductivity 

COLOR 

DISSOLVED  OXYGEN 

DISSOLVED  SOLIDS 

FLOW 

HARDNESS 

NITRATE 

NITRITE 

ORP 

ORTHOPHOSPHATE 

■OH 

POTASSIUM 

residual  CHLORINE 
SELECTIVE  ION 
SODIUM 
SULFIDE 

SULFUR  DIOXIDE 
SUSPENDED  SOLIDS 
TEMPERATURE 

TURBIDITY  • 

*  Meets  EPA  design  criteria. 


197®  bv  Gim  Rwj,  'nc. 


NA'  f  -  -  !  W. 


Introduction  to  Enviro  Monitors 

tnviro  Moniroi  describes  s  senes  o’  .Vd'e'  ouh  ii.  r  f.-  i-...  •, 
that  are  divided  n'o  three  ma|or  cateqor  es 

Single  Parame'er  >e^i"S  oOC 

MyltioaiamBter  ije'e  .nh 

Wet  Chemistry .  es  'd'd.O 

A  single  Series  500  and  earn  charnel  ••■e  Ser  es  '  COO  E  '.'cc 
Monitor  crovides  the  same  total  caDarj  it,'  Ti,j5e  jendram  =et  -as 
are  available  to  fulfill  the  need  for  single  or  n-iji-iuararrete'  mrir- 
toring.  The  Series  2000  Wet  Chemistry  Enviro  Monitory  3rB  avd'i 
able  for  aoolications  that  require  comclex  sarr-oie  'reatme'rt  rar  qr 
to  measurement. 

Enviro  Monitors  offer  single-source  caoabilitv  ‘or  .monitor  ng 
all  water  quality  parameters.  This  means  tota  nstrur-ent  -e'Cu  re- 
ments  for  measurement  and'Or  control  of  nfloent  efr!.,erit  qr 
process  water  qualify  can  be  safsfied  □ a  jmgu  iource  Sam  =  .50 
Inc.  Enviro  Monitors  utihze  state  o’  the  art  aiecvomcs  mq  :;r'i,en 
technology  to  orovide  me  oest  ootimurn  svster" 


Enviro  Monitor  Benefits 

SnooDing  around  to  mix  and  mucn  nstrumenrs  s  ;  •■  ■0,3  qt 
the  oast.  Bv  soecifyinq  Enviro  fr'onitors  /ou  oeneft'  r.  — an  .  vavs 
Por  exc  mole,  single  source  caoabi'ity  aiso  means  smg  »  sc  jr;e  -e- 
SDonsibilitv  You  no  longer  nave  to  oe  'nrc-'  ad  .vitn  nc.-'n  oet 
ibie  instruments 

Purther  benefits  are  derived  ‘-om  continuity  n  nackaqirg, 
electronics,  materials,  construction  power  ■eoijiremer,'5  maocut 
and  outbut  standardization  ■'stru ction  anc  sein-'ice  manuais.  jnq 
most  of  all  bv  .ntegrateo  •ec:  'mai  assistance  n  -  eehirg  ,v  ’i  m's 
conceot,  we  ot’er  ersqineeim.  icecifications  and  apo  'cafon  cats 
sheets. 

For  over  ren  years  Sam  Pac  as  manu'actureo  "stru"nBnr3  -o 
meet  customers  needs.  That  serv'ce  s  /ours  ‘or  •‘'o  -i^y  ng  '  pu 
don't  have  to  settle  ‘or  off  the-snel’  nst'umen-s  -o  neet  aneciai 
requirements.  Enviro  Monitors  have  oeen  desiqneo  to  jt^er  custom 
instruments  at  off  the-sneif  orxes. 
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GAM  RAD  IS  .  .. 


a  diversified,  multi  oroduct  comnany  that 
has  been  producing  water  quality  monitoring 
instrumentation  for  over  a  decade.  With  the 
expanded  ENVIRO  MONITOR  line,  wo  are 
now  prepared  to  solve  all  of  your  wafer  qual¬ 
ity  monitoring  needs. 

Our  business  is  building  these  instruments, 
at  competitive  prices,  to  meet  the  needs  of 
our  customers. 


ENVIRO  MONITOR  BENEFITS  .  .  . 

Single  source  capability  also  means  single 
source  responsibility,  and  that  means  benefits 
like  these: 

Compatible  instruments,  physically 
and  electronically 

Continuity  in  packaging,  electronic 
materials  and  construction 

Standardized  readouts  and  outouts 
Standardized  input  power  requirements 
Integrated  technical  assistance 


IF  YOU'RE  IN  NEED  OF  OUR  EXPERTISE  IN  WATER  G.  4LJTY  MONITORING, 
CONTACT  OUR  LOCAL  REPRESENTATIVE  OR  FAC'i  TRY  PERSONNEL. 


reoresentea  by 


46101  Grand  River 
Novi,  Ml  48050 
313/348-1005 

ofM  eeonjwit 
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-BULLrriN  T  400 


C  ••  ’  W) 


GAM  RAD,  INC. 


Monitor  Suspended  solids  .turbidity,  m  process  streams  with 
these  accurate  dependable  instruments.  Des-gred  to 
.'Tiocse’"  O'^dcess  aoo'icat-or  i'eou''’ements  Ultra-pure  mater 
313  ‘o  >  u"  e'j  Mon. tor  ana  control  /our  process  r^ith 
a  nee 


Model  370-A  Fluid  Analyzer 

’o  50. CCD  'otai  'onge 

Model  3^0  s  oec  'or  joci'cotions  jemanc.ng  r^e  utmost  ac 
Cj.'acy  parricjiarty  M'{r>  jit'jpw'e  ais  opwn  ‘o  one  part  per  billion 

concentrations  Ofcai  wstem  ncorpo'utes  jn,-pve  -uai  :ignr  oearr  ^jai 

jetectpi  arrangement  'pr  iens.i -i*y  Measv.,res  90’  scattered  gnt 

frof"  susoenceo  iO'ids  ^'tn  ..imosf  -'stanesneous  'esoonse.  3ULLr'i*‘i  ”  200 


Model  260  Fluid  Analyzer 


'.fjQ  j  'Q  ooM  ’ctai  .'onge 

Mcdei  .‘5’}  -'Cpfporate  3  oeam-  jir^gie  cetecter  jot-ca*  s/s- 

* .  "ejiiu'e  scattered  '  gnt  t,«v  end  sensitivitv  s  50  parts  per 

b;il-on.  Mjv  ji  >o  oe  i^r  ,2  ’0  measure  'ransm-iteo  'gnt  .  aoscrcance'  .vren 
:e .  2e3.g‘’ed  'or  .:pp  cotiC'-s  -vrere  ess  iens-t./ity  soo  range  s  'e 

c  .  --d  5Uu.2'  --  ^  .30 


Model  150  Fluid  Analyzer 

j  -Q  150.000  PPM  ,  15^)  'otai  'ange 

'"•e  vi-..dei  150  s  particjuiry  suited  cr  .neav'er  concentrations  —  .o  '.c 
lo  'otai  solids.  There  jre  no  ^mirations  on  Mow  'ate  oecause  or  prpoe 
•.voe  ityie  Measure  'ght  scattered  at  130’  oacn- scattered)  ‘■'om  sus¬ 
pended  3oi*ds  May  be  nstaiiea  n  process  'mes  o'  any  size  or  n  taoKs  ;r 
/es50is  bulletin  1"  300 


Control  Station 

'-■e  ^.jn-'Gi  Siat'pn  c'CV'Ces  'eacout.  measu^’ng  ana  control  circuttr/, 
■•-er  iupc  i  jrio  :utP-.t  j'gr^a*  connections  'or  each  or  '^e  acove 
j-r;  1;,-  ,.nj  f  jn  C’-Btsd  Jdiacer't  or  emote  -jc  to  50C 
jw3v  itif'Card  janei  •nouT.ed  sryie  sncwn  "atce  too  sr/'es 

3  iC  j.  3t  rp  e  '-?a  3'  JO'id  ;tj'3  Cl'-CUiC'’/  0  'aut  Pand  meter 

]>'■)  ,  .  ,3  --n,'.:;-  Cutout  3icng  .v.fn  contrQi  :..^itcr.es  3ra  calibration 


I 
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General  Features 


The  Moaels  260  and  370-A  are  Mo// 
thru"  instruments  rated  at  75  GPM  with 
less  than  2"  water  pressure  drop  2'/" 
sanitary  fittings  are  standard  and  flange 
fittings  are  optional.  The  Model  150  has 
no  flow  limitation.  This  is  determined  by 
the  line  size  into  which  it  is  installed  It. 
also.  IS  available  with  2'-'2"  sanitary  or 
flanged  fitting. 

All  Fluid  Analyzers  are  rated  at  250  PSIG 
pressure.  Temperature  maximums  are 
1-10°  F  for  Model  260  and  Model  150 
and  190’  F  for  Model  370- A.  All  may  oe 
equipped  for  up  to  450°  F  service. 

All  models  feature  condensation  proof 
windows,  electronically  controlled  light 
source  and  temperature  stabilized  detec¬ 
tor  cells. 

All  wetted  components  are  made  of  type 
304  stainless  steel.  In  addition,  the  flow 
chambers  on  the  Model  3^C  A  and  260 
are  "Teflon  coated.  Alternate  materials 
ana  coatings  are  available. 

All  Sensing  Stat  ons  are  suitao'e  'o:  " 
door  or  outdoor  installations  £.<D!o3ior 
□  root  nous.ngs  are  available  for  :  azui  j 
ous  locations 

Power  requirements  xro  {  i7  /aC.  50  60 
HZ.  150  watts  max.  Outout  signal  .s 
0100  millivolts  DC  3d|usiabie.  Miiliam 
pere  or  pneumatic  uutputs  are  avauaoie. 


Typical  Uses 

monitor  and  control 

filter  EFFLU'-.NTS 

CENTRIFUGES 

CLARIFIERS 

demineralizers 

SCRUBBERS 

POLISHERS 

THICKENERS 

MIXERS 

CLARITN 
EMUl  SIGNS 

CLOUD  AND  FOG  POINTS 

precipitations 

reactions 

SLURRIES 

BOILER  feedwater 

hydraulic  oil 

SEER 

FPUIT  JUICES 
POLYETHlVNE 
RAW  WATER 

SPENT  Pickled  l'Cop 
aluminum  SILICATE 
PLATING  ELECTROLfE 
iN  DUSTRial  wasr-'; 

SILICON 


Other  options  and  accessories  to  .meet 
most  process  requirements. 


sugar 

SOLVENTS 


GAM  RAD.  INC. 

^  46101  Qrand  RWw 
Now,  Hehigair  46050 

Area  Coda  313-34B-1005 

■■■  J 


37  (A-7) 


envifcnm' 


■rr 


^■1  .e; 


CCRPORAT'CN 


AN  IN-LINE  MONITOR  WHICH  PROVIDES 
REAL  TIME  DETECTION  AND 
MEASUREMENT  OF  METALLIC  AND 

non-metallic  ^articulate 

CONTAMINATION  AND  CHEMICAL; 
THERMAL  DEGRADATION  OF 
LUBRICATING  OILS  AND  OTHER  FLUIDS 
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i/4A 


r.  iCD 


ln-iin«  real  time  indication  of  metallic  and  non-metaliic 
oarticuiate  presence  and  chemical/thermal  degradation 
in  oil  Of  other  fluids 

Detects  ferrous  and  non-ferrous  particulates  and 
dissolved  imounties  introduced  from  withm  or  *fom 
Outside  the  equipment 

Provides  early  warning  and  trending  of  equipment 
malfunction 

Automatically  and  continuously  self-calibrating 
Long  term,  maintenance  free,  automatic  operation 
Individual  outputs  for  particulate  presence, 
chemical/thermal  degradation  and  ^low  rate 


■ 


AT:OMS 


Qt.  ♦O-IOUN-OO? 

Oooratinq  temoeratur*  to  350“^  P 
Oparatinq  pressura  to  100  PStG' 
(•ressure  drop  5  PSIG  at  13  GPM 
Plow  rata  3  to  20  GPM 
ShocK  15  g's 

Vibration  50  q  s  at  2000  CPS 
Sue  2.38''  X  4.50'' 
vVeiqnt  2.0  lbs. 

■’esteo  to  600  PSIG 


S.  -iiW  :  ’  ' 


1 '  5 

aSmT 


Cdt.  fC- 101  28-010 

Operating  tempgratore  to  200'^  P 

■  Input  Power  28  VCC  at  0.3  Amps 
'  Output  0  ?o  5  vOC  each  cnannel 

Vibration  5  g's  at  2000  CPS 
Shock  15  g  s 

■  Size  5.25"  X  7.25'’  x  3.3" 

>  Weight  3.0  LSS  max. 

Other  configurations  available 


■•.-L  CCAC'^^'CMES  T  =  ST  :€Ll  Rc'-’O" 
Cat..f8-i01-00002G2 

Visual  output  on  panel  meters. 

0  to  3  VOC  each  cnannti 

Input  power  )  1 7V,  47  ro  400  Hz,  10  Watts 

Size  6.5"  X  3.5"  x  n" 

Weight  8.5  L3S 
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INTRODUCTION 


Euuioment  Conaition  Moo'tor  i  a  ‘'eid 

Drover  n  ine  jDficarjon  ^vstem  i^onttor 
^Hich  o^ovides  ^eal  lime  nciO'S'^^  fanure 
oredicuon  and  degradation  rate  ot  oii  'A/etted 
oarts.  oii  overheating,  excess  aeration. 

•  naoeQuate  How,  ieai  ‘anuresand  other 
jonorrnai  engine  or  equipment  conditions. 

The  Equioment  Condition  Monitor  j 
eariv  -var-^ingand  trending  caoadilities 
can  effect  genuine  economies  tor  the 
jser  ov 

reducing  or  e‘.«mvnating  expensive 
damage  to  capital  equiornent. 

minin~ii!rg  eauioment  down  time, 

'educing  maintenance  to  an  ‘as 
-'eeaed  ’  basis, 

'educing  samoie  frequencv  and 
inaivsis  where  3.0.A.P,  or  umiiar 
oroceoures  are  followed  and 

.ireoicting  'esiduai  ooeranonai 
'9  :t  3  corr-conenf. 


“  iddition.  to  uoncaticn  systems. 
■*e  Edu.cmer-t  Condition  Monitor  1$ 
joC'.aoie  ‘or  jfrer  jucr  as 

*■;«%  "■Mdtauiic  or  ofocess  'lu-os  y 
•'’-rs  J  ivS^e'T 


"^he  Equipment  Condition  V'oniror 
System  consists  of  a  Transducer 
mounted  m  me  oil  'me  and  a  Signal 
Conditioner  located  either  on  ooard 
or  at  a  remote  station.  For  multi¬ 
point  monitoring,  it  continual  read-out 
'S  not  required,  one  Signal  Conditioner 
can  accommodate  several  transducers 
on  a  time-snare  basis. 

During  operation  the  oil  or  fluid  is 
monitored  by  rneasurmg  me  tight 
scattering  caused  bv  metallic 
oarticulates  and  ignt  ittenuation 
resulting  from  cnemicai  mermal 
degradation  and  noo-meraiiic 
particulates.  An  output  corresponding 
to  flow  rate  isaiso  provided.  Unique 
design  features  which  incorporate 
internal.  Staple  references  make  me 
Monitor  aotqmaticaiW  anq  continuously 
self-calibrating  over  jn  svstem 
ooerating  conditions. 

Designed  mitiailv  ^or  aircraft  gas 
'urome  operation,  the  Equipment 
Condition  Monitor  can  withstand 
adverse  conditions  of  temoerature, 
shock  and  vibration. 


The  ■transducer  designed  to  accommodate 
3  broad  range  of  flow  '■ates,  S  normally 
mounted  Girectiv  n  (he  htgn  oressure 
■>.de  of  the  mam  oil  'me.  In  mis 
ucation  The  effects  of  *ree  jir  .n  the 
Oil  are  mioimijed  because  most  of  the 
3ir  s  dissolved.  As  the  oii  oasses 
rnrough  (he  Tr^n^ucer  '  causes  a 
rotor  to  turn.  The  rotor  -ontams 
fluid  passages  anq  ooticai  '■eferences 
which  are  aitemateiv  olacea  o  an 
optical  svstem  js  the  'otor  revolves. 

The  ooticaf  oaths  utcnre  sealed  fiber 
30tics  to  conduct  'he  ught  nto  and  out 
Of  'he  oil  and  'o  oroduce  a  ‘tghi  beam 
oaraiiei  to  the  axis  of  the  rotor.  One 


Dhoro  sensor  is  mour''eo  ’•adidii'.  io  mat 
views  the  igni  beam  at  90  *0 

provide  the  scattering  output.  The 
attenuation  sensor  views  the  axial 
component  of  transmuted  light.  The 
output  of  each  sensor  is  a  senes  of 
pulses  alternating  between  reference 
and  Signal.  These  are  fed  to  a  s.qnai 
conditioner  wh»cr  computes  the  rano 
of  signal  to  reference  amoniudes. 


SIGNAL  CONDITIONER 

In  the  Signal  conditioner,  outputs 
from  the  scattering  ana  attenuation 
sensors  are  transmuted  to  their 
'espective.  variable  gam,  current 
amplifiers  wmcn  pass. only  the  :'gnt 
Duises  and  eliminate  the  DC  component 
due  to  stray  iignt  and  dark  current. 
Reference  channels  compare  incoming 
reference  outses  with  a  fixed  voltage 
'•eference  and  provide  control  signais 
to  cnange  the  gam  of  the  current 
amplifiers  rnereoy  providing  a 
continuous  and  automatic  seif-caiibratmg 
condition. 

The  outputs  of  the  f'ow.  scattering 
jnd  attenuation  channels  provide  'rom 
0  to  5  voiis  dc  witn  3  current  output 
capability  of  2  mnhamoeres.  These 
outputs  can  pe  applied  to  condition 
monitoring  multiplexers.  A.Q  Converters, 
recorders,  cockpit  mdicators  or  otner 
on-board  or  'emote  monitoring 
eauioments. 

Two  additional  features  mciude  a  test 
mode  and  a  malfunction  indication.  The 
rest  mode  will  cause  the  Signal 
Conditioner  to  read  out  the  measured 
scattering  and  attenuations  levels  of 
the  Transducer  references.  This  orovides 
a  Check  of  the  Monitor  circuits  as  well 
iS  the  read-out  equipment.  The 
malfunction  indication,  which  can 
activate  a  warning  circuit.  .$ 
nitiated  by  comoonent  or  power  *aiiur« 
■jr  'ow  How  rate 
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APPLICATIOMS 


0<iSign»<3  'nuia'iy  tor  use  as  an  on  board  r^ai  t>m? 
ndicator  if  the  Toticai  cropernes  ')*  'uu»  car»OP  o>Js  n 
atrcraf}  turbines,  tne  equipment  Condition  Monitor 
System  can  be  similarly  used  ^or  continuous  or  penodic. 
on-Doard  or  remote  monitoring  of  stationary  gas  turpmes 
/eniCular  turbines,  marme  turbines,  industrial  machinery, 
^^ear  boxes,  fuel  systems,  transmissions,  proci^ssinq  systems 
and  other  equioment  using  circulating  fluid  systems. 


Ai.^CRAFT 


Military  Engines  and  Gear  Boxes 
Commercial  Ainmes  Engines 
Heifcooter  Gear  Boxes  and  Tran^rnttsions 
3u5iness  and  private  Jets 


Naval  Turpir'es  and  Hydraulic  systems 
Bearing  Lube  Systems 
Merchant  Marine  Equipment 
^issenger  Ship  Turbines 
Tjroine  Puel  Monitoring 


£CM-3MM)-6/75 


STATlC:i  i.RY 


Gas  T.jrbmes  'or  ^owe.’  ia- 

.  Pipeline  Enqu'ts  jo*:; 

Qf^  Shore  Cf  '  •o  ^  Vj 
Mining  cou  O'"  'i'~‘ 

Sianrj-3y  3  v;  ?->3k  j 


PROCESSES 


-'•jsni''q  C>'C(e  Mcn-'O'  nq 
-'Iter  Evaluation 
5.. quid  Chem-cji  Mnnirpr 
L  ouiC  pQOd  Mui''*  vf  •  1 
Pofr-.eu'n  •r.-iiuif  "in 


ALSO  FOR  GAS  TURBINES  AND  ENGINES  iN 
LOCOMOTIVES 
OFF  THE  ROAD  EQUIPMENI 
TRUCKS  AND  BUSES 

Since  tne  Epu'Ome'^T  Cuno: tion  .iSes 

tecr^niques,  -actors  ^ucn  n  ‘'uid  joac  t.  >*,-•.?'  '-‘u  ■% 
‘easipiiitv  *or  ioecdii:  soc  rat  ons  iuc-  »s  se' 

'uPricaiing  systems  or  3ther  'eciorocatu'' } 

Contact  jS  .vi'n  ,f)ur  3DDiM:aTiO.”  r?auirf»rn'»'^-*  .0  'rjT  ve 
:an  deiermire  t  •  Equipment  ^3•'a.^on  '/ign.’nr  i  ij  *30.. 
for  v*3ur  eau> ei  A  ...-oie  'es:  tan  "''S  tJ’-tT’nir' j 

toward  'he  aop-  :j  '  >  ^  saving  - 

requirements. 

ENVIRONMENT  u  CCPP 
2773  BALLTOWN  RD. 

SCHENECTADY  N.  <  '2309 
1518)  346-6-;S1 


A1  (A-11) 


NAlX->-)2-l  46 


TMK  IN  LINE  OIL  MONITOR  AND  ITS  ROLE 
IN  ENGINE  CONDITION  MONITORING 

Georgp  F.  Skala* 

Environment/One  Corporation,  Schenectady,  N.  Y. 

Abstract 

All  Equipment  Condition  Monitor  for  the  continuous  in-flight  detection 
of  abnormal  conditions  of  oil-wetted  engine  components  has  been  developed. 

I'he  system  employs  the  [irinciples  of  light  scattering  for  particulate  debris  de¬ 
tection  and  light  attenuation  for  chemical/thermal  degradation.  Long-term  sta¬ 
bility  is  obtained  by  an  automatic  and  continuous  self-calibration  feature  using 
internal  references.  An  output  proportional  to  flow  rate  also  is  provided.  The 
system  can  withstand  the  adverse  temperature,  shock,  and  vibration  ambients 
associated  with  jet  aircraft  applications.  Flight  tests  on  passenger-type,  multi- 
engini"  aircraft  and  on  single-engine  military  aircraft  have  been  conducted.  A 
bearing  failure  on  an  endurance  test  engine  was  predicted  by  abnormal  oil  con¬ 
dition  readings  prior  to  any  other  indications  of  failure. 

Introduction 

Until  recently,  an  on-board  real-time  condition  monitoring  system  has 
been  a  conspicuous  missing  link  in  airborne  engine  instrumentation  systems.  In 
addition  to  its  functions  of  lubricating  and  cooling,  the  oil  is  a  messenger  carry¬ 
ing  information  whu.h,  if  heeded,  can  help  prevent  some  of  the  .30  to  35%  of 
engine  failures  cau.sed  by  oil-wetted  components.  Engine-installed  oil  monitoring 
at  present  generally  is  limited  to  the  use  of  magnetic  chip  detectors  and  screens 
which  are  periodically  examined  for  collected  debris.  In  some  cases,  this  is  sup¬ 
plemented  by  the  Navy  pioneered  Spectrometric  Oil  Analysis  Program 
(S.O.A.P.).  This  ci’.n  be  effective  as  a  preventive  maintenance  tool  if  all  the  hu¬ 
man  factors  from  sampling,  to  analysis,  to  reporting,  to  interpreting,  and  finally 
to  taking  corrective  action  are  carefully  controlled. 

In  recognition  of  the  need  for  continuous  oil  monitoring,  there  have 
been  several  recent  developments  which  utilize  a  form  of  trapping  device,  such 
as  a  magnet  or  screen,  coupled  with  an  arrangement  to  produce  an  electrical  sig¬ 
nal  which  is  a  function  of  the  collected  debris.  The  signal  is  usually  generated  by 
a  change  in  resistance,  capacitance,  or  magnetic  properties  produced  by  the  col¬ 
lected  material,  or  by  a  pressure  transducer  monitoring  the  drop  across  a  filter. 

*Manager. 
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These  can  provide  information  only  on  what  they  have  removed  from  the  oii. 
Also,  in  order  to  produce  an  output  which  can  indicate  the  start  of  an  abnormal 
condition,  it  is  necessary  to  know  the  rate  at  which  the  debris  is  being  collected. 
This  requires  the  use  of  some  form  of  differentiating,  or  rate  of  change,  circuit 
that  would  be  difficult  to  design  for  sufficient  accuracy  on  a  real  time  basis. 
Finally,  all  forms  of  trapping  device  require  regular  maintenance  in  that  they 
must  be  periodically  cleaned  or  replaced. 

Requirements 

For  sufficiently  early  warning,  the  oil-monitoring  system  must  have  ade¬ 
quate  sensitivity  and  long-term  stability  to  delect  a  significant  departure  from  a 
long-term  trend.  For  most  jet  engine  applications,  this  minimum  detection  level 
should  be  no  more  than  the  equivalent  of  about  10  ppm. 

To  present  a  true  “on-condition”  indication,  the  detection  capabilities 
should  encompass  all  forms  of  undesirable  oil  conditions.  These  would  include 
the  detection  of  wear  metals  from  the  engine,  dirt  from  outside  the  engine,  and 
degradation  of  the  oil.  It  also  would  be  desirable  if  the  source  of  contamination 
could  be  identified.  However,  the  qualitative  analysis  techniques  that  this  en¬ 
tails  would,  at  the  present  state  of  the  art,  require  an  overly  comt-lcx  ap  proach, 
or  a  severe  'imitation  of  the  kinds  of  contamination  that  could  be  detected.  For 
example,  the  use  of  radioactive  isotope  tagging  would  eliminate  the  detection  of 
contamination  originating  from  outside  the  engine.  With  a  universal  detector, 
once  an  “off-condition”  situation  develops,  conventional  ground-based  analysis, 
such  as  S.O.A  P.,  can  be  used  to  identify  the  contamination.  A  truly  effective 
oil-monitoring  system  also  should  require  little  or  no  maintenance  or  attention. 
Sin  e  one  of  the  ultimate  objectives  of  engine  condition  monitoring  is  to  elimi¬ 
nate  unnecessarj'  maintenance,  the  components  of  such  a  system  should  not 
contribute  to  any  requiied  maintenance.  Other,  more  obvious  requirements  are 
that  it  be  reliable  small,  lightweight,  and  reasonable  in  cost. 

P^ig.i  Approach 

Because  optical  sensing  is  universal,  and  can  be  sensitive,  this  technique 
was  selected  for  the  oil  monitoring  system  developed  by  Environmi  nt/One  Cor¬ 
poration.  Scattered  light  is  used  to  detect  particulates,  and  the  attenuation  of  a 
direct  beam  detects  dissolved  impurities. 

Optical  methods  have  been  in  use  for  some  time  as  sensitive  fluid  moni¬ 
tors,  one  example  being  the  measurement  of  water  turbidity.  The  instruments 
employed  for  this  purpose  are  relatively  large  and  often  fragile,  or  mechanically 
complex,  so  that  a  new  design  concept  was  developed  to  meet  aircraft  require¬ 
ments. 


The  major  considerations  in  obtaining  stability  are  ti.  irrect  for  the 
large  temperature  coefficients  of  solid-state  photo  detectors,  and  the  changes  in 
illumination  due  to  light  source  variations  and  window  deposits.  An  optimum 
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configuration  is  to  use  a  single  optical  path,  with  means  to  introduce  alternately 
the  oil  and  an  optical  reference.  This  is  done  by  mounting  the  optical  references 
on  a  rotor  which  is  turned  by  the  flowing  oil.  In  addition  to  providing  the  refer¬ 
ence  function,  this  causes  the  light  received  by  the  photo  sensors  to  be  chopped, 
so  that  a.c.  amplification,  which  eliminates  effects  of  stray  light  and  dark  cur¬ 
rent,  can  be  employed. 

The  references  are  of  glass,  designed  to  duplicate  the  scattering  and 
attenuation  characteristics  of  partially  contaminated  oil.  Fiber  optics  are  used 
to  transmit  light  into  and  out  of  the  oil  and  to  change  its  direction  by  90°.  The 
fiber  optics  are  sealed,  so  that  conventional  windows  are  eliminated.  Also,  be¬ 
cause  of  the  collimating  properties  of  the  fiber,  lenses  are  also  eliminated. 

The  light  beam  is  parallel  to  the  axis  of  the  rotor.  One  photo  sensor  is 
mounted  radially  so  that  it  views  the  light  beam  at  90°  to  provide  the  scattering 
output.  The  attenuation  sensor  measures  transmitted  light.  The  output  of  each 
sensor  is  a  series  of  pulses  alternating  between  reference  and  signal.  These  are 
fed  to  a  signal  conditioner  which  computes  the  ratio  of  signal  to  reference  am¬ 
plitudes.  Since  the  same  light  source,  fiber  optics,  and  sensor  are  used  for  the 
reference  and  signal,  all  variations  in  these  components  are  canceled  out. 

The  transducer,  shown  in  a  cutaway  view  in  Fig.  1,  is  2.4  in.  wide,  4.5  in. 
long,  and  weighs  2  lb.  In  addition  to  scattering  and  attenuation  photo-transistors 
a  third  one  is  used  to  generate  a  gate  signal  that  is  used  by  the  signal  conditioner 
to  separate  the  measuring  and  reference  pulses.  Because  the  photo-transistors' 
peak  response  is  in  the  near  infrared  region  of  the  spectrum,  the  effect  of  normal 
oil  color  variations  on  the  attenuation  output  is  minimized. 


SCiTTIRiNG  SENSOR 


The  transducer 
is  normally  mounted 
directly  in  the  high- 
pressure  side  of  the 
main  lube  supply  line. 

In  this  location,  the 
effects  of  free  air  in  the 
oil  usually  are  elimi¬ 
nated  because  the  air  is 
dissolved  in  the  oil.  In 
one  engine  installation, 
in  which  aeration  in  the 
high-pressure  line  was 
evident  in  ground  tests, 
it  disappeared  at  alti¬ 
tudes  above  18,000  ft 
where  the  air  separator 
was  more  effective. 

The  signal  con¬ 
ditioner  can  be  mounted 
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Kiy  2  Equipment  condition  monitor  transducer  or  sittnal  condiliiiin  r 

scatterin(!  output;  oil  tempera-  power  failuic,  cal'le  failure,  or 

ture,  180*’F.  Flow  =  9Gi’M.  loss  of  oil  flow  Tlicre  i.s  also  a 

self-test  feature  hy  which  the 

correct  operation  of  the  oil  monitor  and  its  associated  read  out  equipment  l  an 
be  checked  automatically.  The  signal  conditioner  circuits  also  can  he  sup|ilied 
on  two  circuit  boards  about  3  \  /2  x  1  in.  for  incorporation  In  the  same  eiu  io 
sure  with  other  condition  monitoring  circuits. 


Hesults 


typical  I'alibralioii  of  the  scaltering  channel  vs  S.O.A.l'.  ts  shown  in 
Fig,  2.  This  does  not  imply  a  uni(|ue  relationship  between  scattering  and  ppm 
content  because  the  size  and  shafie  of  the  particles  detemnne  tlie  relatice 
amounts  of  optical  si'attering.  Another  difficulty  m  correlating  witli  .q.l)  ,\,l'. 
is  the  question  of  its  sensitivity  to  p.iin-  !■  <  vs  riissolved  maten.il:'  f  oi  c\..ini 
it  was  neees.sary  to  add  about  2.50  ppm  of  die  .'\nzima  Koad  Dust  ii,  olitai,'  .i 
■S.O.A.P.  reading  of  16  ppm.  although  some  of  this  could  have  liem  due  to  o  ' 
tling  out  of  ttiC  large  particles  in  llic  test  oil  loop.  Figure  2  doe-  'U'l  represcni 
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Fig  ,'i  E(|uipmen(  eomlition  monitor  oniput, 
aircraft  A7A  No.  2(ir)K.  NA'I'C  I’atu.sent 
River,  Md.,  Flight  No.  1.  April  27,  1971. 


I■■|gln■|•  .i  represent.s 
P  u  n  ■  a  on  dll'  tir-,1  Higlit 
ol  I  '.  i"s  cotuiucti'd  on 
an  .'  aircraft  at  .\.\  l'f 
I’atuM'n ,  ' liver,  Md  'I  ests 
were  at  altitudes  Ironi  sea 
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level  to  ,'35,000  ft,  and 
at  eiifiine  speeds  from 
idle  to  military  rated 
thrust  (MKT)'  The  data 
show  no  significant  alti¬ 
tude  effect  hut  only  a 
change  in  flow  at  differ¬ 
ent  engine  speeds. 
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NADS  computer  output;  equipment  condi¬ 
tion  monitor,  aircraft  type  A7A  No.  2658, 
N.ATC  Patuxent  River,  Md. 


Data  at  MRT  at 
5000  ft  from  other 

Fig.  4  NADS  computer  output;  equipment  condi-  flights  of  this  series  are 

shown  in  Fig.  4.  Most 
of  the  flights  were  of 
2-  to  3-hr  duration,  al¬ 
though  some  were  longer,  representing  cross  country  flights  to  California.  Con- 
slderahle  oil  was  added,  although  data  on  how  much  and  when  are  not  available. 
The  flight  program  was  continued  for  a  total  of  163  flight  hours,  with  no  un¬ 
usual  readings  except  when  oil  foaming  was  deliberately  induced  by  subjecting 
the  aircraft  to  negative  g  loads.  Carrier  arrest  landings  were  also  part  of  the  test 
(irogram.  After  completion  of  the  flight  tests,  the  oil  monitor  was  removed,  and 
its  calibration  checked  in  a  test  loop.  No  shift  in  calibration  was  detected. 


A  similar  series  of  tests  is  now  being  conducted  in  which  the  oil  monitor 
is  part  of  a  complete  engine  condition  monitoring  system  (lECM).  In  this  instal¬ 
lation  the  oil-monitor  circuits  have  been  incor|)orated  into  the  Signal  Analyzer 
I'nit  of  the  IFX'M  system. 


Figure  5  represents  data  on  a  TF41  endurance  test  engine.  This  engine 
experienced  an  LP  compressor  thrust  bearing  failure  that  was  accompanied  by 
high  attenuation  and  scattering  readings  that  occurred  prior  to  other  evidences 

of  malfunction.  The 
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Fig  5  Equipment  condition  monitor  output; 

TF41  endurance  test,  engine  S/N  141050 
BU9,  Oil  MIL  L-7808,  May  20,  1971. 


S.O.A.P.  analysis 
showed  an  increase  in 
iron  content  from  8  to 
29  (ipm  when  the  en¬ 
gine  was  shut  down. 

The  engine  was  repaired, 
and  a  second  endurance 
run  of  1065  hr  was 
completed.  Again  the 
oil  monitor  system  was 
removed  and  checked 
on  a  test  loop,  with  no 
evide-ice  of  degradation 
or  calibration  shift. 
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To  dato,  an  estinialtHi  niitnniuni  of  'lOOO  hr  of  •■ntiini-  i 

been  accumulated  by  Environnu  td 'One  -  oil-moinUinnt;  syMinis  I  .j  :  for 
some  problems  liue  to  faulty  commercial  power  supplies  in  early  v'nai  oicji 
tioners,  there  have  been  no  reported  failures,  malfunction.-,  m  fal.-i  alarm, s  of 
proi>erly  installed  systems.  In  addition  to  the  I’K-fl,  the  engines  on  whn  h  the 
monitor  has  berm  te.sted  include  the  TKlfO,  ('K6.  C;i''4.  EKH  .  eid  .157  Fvaiua 
tion  testing  on  the  III.H  engines,  LMXfiOO,  TK.f9,  aiul  otln  is  is  la  ing  plamied 

Conchisions 

A  field  proven  on  board  real-time  oil  monitor  for  use  on  jc|  engn;.  s 
either  by  itself  or  as  part  of  an  over-aM  engine  monitoring  system,  is  nov.  avud 
able.  In  addition  to  warning  of  ineipicni  failure  of  oil-wetied  conipoi  ■  nts,  lUle  r 
henefit.s  include; 

1)  Early  detection  of  failure  modes,  on  development  engines  oi  compo¬ 
nent  test  rigs,  before  complete  deistruetion  of  the  fnih'd  components  f  Im,  will 
allow  better  analysis  of  the  cause  of  failure 

21  Because  of  the  ability  of  the  monitor  to  (letia  t  exi  ess  air  uixIrT  flight 
conditions,  it  can  be  an  aid  in  the  development  of  air  separators 

,d|  Po.ssihle  warning  of  low  oil  supply  by  the  resultant  increa.se  in  trap 

ped  air, 

4)  Engine  oil  changes  only  when  needed,  instead  of  on  arliilrary  time 
schedule. 

5)  Extension  of  time  between  overhauls. 
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'T'-.'fi!  of  paf'C'es  per  second,  with 
Sigh  or  'O'jv  concer,pp!ion  iimit  alarm 
Fool  pus*-  te'ron  .'anges  0-100. 

J-,'?0Q,  0-1000,  ana  0-3000 
p  iiticles  pa'  second. 

pal  applications: 

Monitoring 

•Hyd'^'.lic  ^yslerrs  ciean-up 
!itf  a  '  ‘••an  solvents 
.:e  ion -zed  v.  ^’er  <  .joplies 
nt(  jvenous  liqu'CJs  , 

Turpine  iuPf  eating  Otis 
JP-4  fn3ntjf,jf;iijfing 

Testing 

^  'ipr  unit'  s'.s’ems  ^'one  sensor  upstream, 
ore  OOvsrslreani) 

..Dficalmg  Oils 
Hvdrajiic  t.uios 
Go'verts 

-I'l  :.s'ts  (ijsn  stands,  and  test  stands 


Description: 

The  PG*t20  IS  a  smgle-cnar.nel  pariicte 
cournef  with  an  adjustable  particle  size 
threshold  and  a  continuous  analog  output 
proportional  to  p«irtiC‘e5-per-second  through 
the  sensor  Outputs  can  be  used  tor  ar.aiog 
rneier  display,  strip  chart  recoroer.  auto¬ 
mated  data  acquisition  system,  and  the 
alarm  system  (panel  lamp  or  remote  device) 
Tne  automatic  alarm  c.rcun  signals  wnen 
upper  Of  lower  pre-set  roncentraiion  hmits 
have  been  exceeded 

Input  may  be  from  i.ne  standard  HIAC  'CM*' 
.sertsof  powered  by  tne  f^C-120  (with  sensor 
as  remote  as  t  000')  or  by  other  HIAC 
counters  (PC-30S.  PC-320  or  PC'i20)  Four 
pushbuttons  on  the  panel  lace  select  particle 
cor>ceni.'3t-on  range. 

The  PC-t20  'S  portable  and  can  be  hall-rack 
mounted- 


Features; 

•  Read  and  plot  (with  recorder  accessory) 
particle  concentration  continuously. 

•  Automatic  concentration  limit  alarm. 

•  Direct  dialing  of  particle  sire  threshold. 

PC'120  Flexibility; 

•  Connected  to  the  PC-305.  PC-320  or 
PC--20  [short  BNC  to  BNC  coaxial  cab  e), 

It  receives  the  Signal  from  their  sensor  and 

provides  anaiog  output  Also  can  be  used  with 

420  SB”  Senes  ser^sor  through  PC-120 

sensor  cable. 

•  Can  be  prime  calibrated' m  the  held. 

•  Digital  count  equivalent  on  strip  chart 
recorder  very  close  to  actual,  it  flow  rate 
and  elapsed  time  are  known. 

•  Selected  interval  recording  leave  PC-120 
on;  connect  strip  chan  recorder  through 
ordinary  percentage  timer. 

•  Multiple  sensor  selector  switches  are 
available. 

•  Sensor  can  be  remote  to  i  .COO’.  Standard 
cable  fs  6  long. 

•  Sensors  rated  to  3000  psi  and  200’F, 
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EXCLUSIVE  FEATURES 

•  Designed  to  oe  the  nucleus  of  an  Integrated 
oarticle  analysis  system 

•  Silt  full  cnanneis  may  be  exoanded  to  nine  or 
even  rxrelve  channels 

•  "Oirec:  Dial"  sice  thresholds 

•  Full  range  calibration  in  every  channel 

•  Six  digit  oisoiay  with  ouilt-in  timer- 

•  Samole  may  oe  defined  by  volume,  time,  or 
ore-set  oarticie  count 

•  Ar  solid  state  construction  Including  onoto 
detector 

•  Sarnoies  may  oe  'un  .vet  or  dry  with  -o 
electrolyte  .needed 

•  Data  !S  available  in  prnt  out  form  a  reduireo 

•  Total/ Delta  ooe-ation  with  the  flio  of  a 
switcn. 


Sensors  are  comoact  '  2"  x  2"  x  5'"  with  ultra 
inear  calibration  Sensors  can  oe  located  as  ‘ar 
as  1000  ‘eet  from  tre  counter  if  necessary  'r. 
addition.  -nuitiDie  aensors  .vith  selector  switcn 
tan  ne  asea.  Soecial  sensors  for  use  ,vith 
corrcsi-/e  'cuids  .are  also  availaoie. 

■  audition  ’o  these  "eatures  tne  Moaei 
f’C  320  s  su.'ed  'o  either  samole  oottle  or 
;n  stream  .>nai.ysiS  overy  unit  s  'actorv  can 
orated  inn  electronic  and  -efererce  stanaaros 
are  avanaole 

j"  ■  t.  -‘"n  ■  to  3G00  m. crons  can  be 
iccurate'v  counted  and  siceo  .witn  —le  orooer 
sensor'  'O.rcuits  are  or  modu.ar  construction  'or 
eas'/  .aluq  -n  -eoiacement  cr  lenyice. 
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_  _  _  BASIC  HIAC  INSTRUMENTS 


unenui  categorize  particles  suspended 
n  a  carrier  ::'.edium  held  :r.  sample  containers  or 
ri  jwing  '.n  ar  cn-stream  system  bv  size  and  num- 
Oer  They  are  categonzed  in  from  one  to  su  size 
ranges,  wuh  in  optional  capability  of  up  to  twelve 
ch.mneis-  These  ranges  are  selected  oy  the  oper- 
itor  Particles  are  measured  accurately  regard- 
.ess  of  'heir  makeup,  size  or  color  charactenstics. 
Tne  instnunents  count  very  rapidly  approxi- 
mauiiy  4. OCX)  panicles  per  second'  and  can  ana- 
oarticies  per  fluid  volume  or  size  distribution 
alone 

L.quid  containing  the  particles  to  be  measured 
IS  oassed  through  a  sensor  where  the  particles' 
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r\ 

size  and  niimber  are  sensed  and  ■  .*  •«-  — p  -m  , 
sent  along  a  cable  to  the  counter  '  ^  "  ’i 

to  be  displayed.  Each  sensor  has  a 
size  measurement  ratio  of  1:60 
from  smallest  to  largest  particle. 

Therefore,  a  1  through  60  microm¬ 
etre  sensor  can  measure  particles  from  I  to  60 
micrometres;  a  2  5  through  150  micrometre  sen¬ 
sor  from  2.5  to  150  micrometres.  The  mstrument 
operator  programs  the  display  channels  for  any 
size  distribution  within  the  capability  of  any  one 
sensor  For  e.xample  using  a  2.5-150  Sensor  the 
operator  could  select  the  following  size  djstr.bu- 
tion: 


Channel  ! 

Size  2  5-  lOum 


.3 


10-25um  25-50um  50-100um  i00-125um  >125um 


■-  ■■  ■  .  w  ''  • ; 

:n<t.'-,;ine.nts  ope.'ate  in  "he  pnncipie  of 
.liT!  ni'KKaze  '.  con-iant  output  from  the  pnoto- 
lanie  .s  .Tiirr.Mined  b>  passing  a  light  through  a 
p.i-sugesia.  /'i  ’.0  .1  Dhotodiode.  a  particle 
;:,a.v.<“S  .i:.  jmount  of  oght  nroporti.inal  to  ;ts  size 
oi.i!  :<ed  if  rei.omine".(!eti  ^l.■r’,('entratlO^  le'.els 
,ro  -o  t  .-sice-o-d  4  U(/0  par.icies  .secondi.  'here 
■  '.rie  paif.'.’.e  oitf'  ei'.  'en  measur.ng  zone 
..'.uires  111  '.".at  eacn  oaiticle  vs  si^eu  ihUividu 
i.iy 


-  MS.OE  a  ScOSOP 


HLAC  measures  the  ma.'timum  area  of  the  par 
tide  exposed  as  it  passes  through  the  measunng 
zone. 

The  area  is  equated  to  spheres  in  the  HLAC 
calibration  tables  for  a  single  dimensional  refer¬ 
ence. 


Egura 
HI  AC 

Wicrotcop*  M«t»ur«rT««nt 


.yg  you  cm  see,  the  microscope  measures  all  these  par¬ 
ticles  as  oein-g  the  .same,  .vnereas  the  HLAC  measures 
■he.m  as  being  litferent  by  the  ratio  of 'heir  areas  The 
HlAi'  .mefttoO  gi'.es  more  information  about  the  particle 
and  IS  '  erraini'.  j  more  reali.stic  jpproacn  'o  measuring 
no  ic'uai  5ize  -o' 'he  particle 
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'  ^:dN  •  '^1 1^.ro-C~lrc’Jll .  Mjruf 

iv  -'tfms  •  i  -jel  sttffns  •  Hv  dfjuiK  r^'i  SianUs 

•  T'u^ks.  Tractors,  H'.draui**:  •  Svothe- 

tic  f- ibers  •  .''(ickrrj  PUunrf  Bath%  •  Dciorized 
•V  I'jr  •  C  Jf'stru^i.on  ^'ehrc!?^  Hvdfjujic  *sv  siems 

•  Memory  Hydraulic  S»<M<Tns  •  Pump-* 
JHu  a;'.<^  •  T  ifDine  Beatings  •  Xirv'jt*  f  n^ines 

•  EH(~  f  iuiiit  •  f- 'eon  f-.'ujh  Suiwenti  ♦  }ft 
Engine  F  aei  •  Nf  Slicfiinerv  Hsdrauiic  Svs;err.s. 
Size  Control  Of 

OfMoJ  P  iv  mci  *  Liter  r  im-.  •  Ttuniun  D; 
I'lde  Oiint  A  *hite  vajl  t:rc>l  •  Dvc  $tulf 
Manuucturmg 


Ml  No  electrolyte  or  vpeciil  Simple  preparatior* 
-tecesiJ.’v 

I  It  Ltgbt  ntockjge  prirscipie 
'  il  Built-in  r in'<r 

■H  Manual  or  jufomattc  control,  remote  or  local. 
'  :i  Indicator  lamps 

oi  Total  solid  state  construction  including  photo 
letector. 


Seed  and  ipore  •  Rj%i  S.^lule'  '\jl’  vjter 
n  re'ej'vfii  •  V  .je  •  Sjviecr  f 
•  .r^nu.cs  •  ipji  *  jn'-tmp  spj.tn  • 

P-«*def  > 


Parenteral  Solu(ion>  •  Fta«id>A  Beverages  • 
.vijouijcfured  Silicon  Oils 


Monitoring  0  !  ‘Aater  and  Solvents  •  Cancer  Ceil 
Studies  •  Oti'H  oer  Separation  Researcn  •  Filter 
Test  Evaiujrion  •  Corporeal  Blood  Filter  Evalua¬ 
tion 


ji  Printout  >vsfem 
Si  Calibration  kit 
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Avccswnes  'j»  Remote  Oiipluv 
■  bi  Remote  on/otf 
•  Cl  Comouter  data  acquisition 
-dl  Simultaneous  displav 

Direct  dial  electronic  'hresnold  >ize  id{u>tment  to  vet  each  .'hartrtel  anv«here 
'4'irhm  the  >ize  limits  of  'he  venwr 

Factorv  prime  .aiibrated  uvin^  >phcricaJ  viandards  '-vith  raiibration  mart 
provided. 
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Suspended  Solids  Monitor  (8:  vl) 
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OPERATION 

-  Qj  c  •:  ::e  -^'^r  ro'^o  s  oassea  T'augn  jn 

:egM  sa^o  eri  *1^  s  o.  a  :  ^'^dus 

a$e'  source  S.-sc^ncac  io-  Ji  ‘•'~e  aca'te' 

5''f  as  'f^ev  oais  '"€  :e''  •'“e  sTa'Ta^eo  s 

:.‘'ecroj  d/  3  .\r,z^  “iCuses  ‘^e  g^'t  3  D'cp-'-e* 

•a'-,  :cf'ca  ‘''^e'  :cr':a  f;. re"  passes 

j  :eiecfeo  zzr  :n  :•  ••-e  g^?  /vr  o'*  s  'cc-jseo  py 
ino’rie'  ens  o^ifo  a  r-cJocetecrof 
’ne  ';;r'r  -eceiveo  iTv  ‘^e  cerec'cf  s  procon.cf^ai  to  'ne 
>"?  k-r>e  or  oa'^ic  es  '*  Te  ''O-  0  sfrean  T^'e  r*str^r'erf 
i.,!o^aficai'v  oc^^eo's  '^r  •■'»  afe''ua(.c'^  1*  ‘r-.e  ase^’  O'-e 
’0  grit  ioare'  arc  :es  t^e  output  s^gra-  :c  ’re 

'*0  cerr  rfen$  r,  *'-ese  autor^a:  ;  ':o»"ect'ors 
eac.'^g  a  ‘  je  'nea*  /ciu^^e  -esocrse  rcecerce''t  of 

■gnf  acsorct'cr  Ov  rre  •'CSJ  QijiO 

*■  t:a'  “ig  oce^a'icr  3  e<f'^r^6'y  si'^pie  a  ite'o  iC- 
^sf-T'e''!  s  "^ice  .v’^  ^ate'’  '  vvvi^g  ■’‘rougn  'ne 

:-*  ’"'e  sar^C’e  irear'  s  '"er  3-v  ':'‘ea  "o  '“sirj- 

'~e'*f  .v-ic^  :ontinuous.y  '"easw'es  ’"e  a"^c--.rf  zf  s^s- 
-e'^cec  iC'Cs 

-  tre-'  me  3<ng:e-00‘rr  :a  'C'’3''Cr  j3.*g  grav  '^et'tC 

•tara  'a>«en  jn  3  orocess  samo;e  ‘'om  nstrumer?  Def¬ 


er  'S  usea  ro  aP}ost  rp'’ t'-^e  mass  oacing  Routine  oce"- 
ation  cDns<s(s  of  checking  the  ze'c  /^<tr  0  ea^  ^are" 
•jsua-'v  once  a  oayj  anc  oieanmg  ■•‘e  sa'^O'e  :s 
■"e  p.  .rge' o'Oviaec  -s^a  v  :nce  a  -vee- '  'e  :  es'' 
ng  anc  zero  aojustmenr  a^e  corn  accomoiisnec  /vitrout 
en-'''/  nro  ‘he  msffumenr  gne  take  oniy  3  ‘ew  miretes  '2 
accomoi'Sn 

Cemoarea  ro  ocher  moniiormg  tecnmques  f"'*  S3W 
Offers  Significant  advantages  ncuding 
■  Oirecf  measurement  of  /Oiuneiric  rcncentration  ;r 
'"'ass 'caamg  ana"  a  smgie  one-pemt  :aMpratior 

•  Lmear  dynamic  '■esDCnse.  noeoendeni  of  0^'Z  e 
Size  r>  the  suspenced-soiids  'arge 

•  ^roe  continuous  ara-cg  pf  '^e  gravimefr-:  metnoa 
avoiding  the  'neensistent  'e  ationsnips  setween  t-^r- 
oidity  ana  susoenoed  soi-cs 

•  No  'ouime  cai'oration  only  an  occasicnai  zero 
:*'ecK  'eogired 

•  Ooticnai  Output  s.gnai  'epresenfing  average  za'i':e 
s-ze  :an  oe  provided  onen  jse‘u’  r  ;rec'‘.rg  oe'- 
‘orm-an-oe  of  :ontroi  or  process  eO'j'pment 

•  Automatic  romoensation  ‘or  /ar^ations  n  ‘'•ans'^  s- 
sicn  .naffecied  oy  ccior  of  'OuiO 


TURBIDITY  AND  SUSPENDED  SOLIDS 

'“rse  'v/c  '"eas^'e-'^'entj  j-e  ^.ae'v  .seo  r  .varer  arc 
/vas:e*.va(e"  orcces'^es  ’.'O  oifv  s  a  ateo  'O  me  /  >oa- 
.  i‘ ■•/  a  e  ang  :eoe"'d3  .per  ••'e  t'oss 

.e-'  :^3  i'ea  :'  ‘•'e  carr  res  '“e  .-or*:  a'*- 3;, on  yea'*- 
.  as  inc  '-e  : :  0'  “a  “  :s:  d  i-50  ***05 0  >0  :: 

,  ""e JS-'emer'  ;'Oj'';e**'“te"'"itcr  "^'-e  snee 

':e^seer■  •:  c  :c:'  arc  ten'eace  sc  :s  ’'e  "easo'e- 
"e"'  s  •e"e'e"‘:ed  353.-0:  -e  ;'5.'”e’'C  ■  "j:c- 
•iC"^  ing  ~“,y.  ’’'ere'O'e  oe  ZiC’i^cs'"  'r  s-ze- 
C  v'  o-:  "^,3  'arge 


i  '  gj.'j  vsf'ares  ‘“e  'escc^s?  cr  j  '■.rz  '7:r‘^  ■can>z-'»-ire3i 
'•s, v.m  Dcrs'ar'-  :dd'"*-7  .ar.jo'a  oar-D  e  ;.z? 

j  -*  a/f'  -5  -eso^rsa  s  :0f3're<j 

.-is—a^  -a  C’""’®'?'’  ..^5  :3C^  >:3C?'  ■3r-vard-;,:3irei'  or 
/O’  /..jr®' 


R':cf  ‘0  ’he  nffoouction  of  3  ‘rue  susoer^cea-soi'cs 
-"'onifor  ‘wrOiO.mete'S  -vore  empioyea  ‘0  '"O'/  3wS* 

penoeo  iC'ios  semet-mes  ravmg  scaies  '"ar'<ed  ^ 
oa-s  oe'  ■*‘i-''cn  'eiationsn.o  oer-veen  tjroiCitv  ans 
•'-e  i.jsoencec  sci-os  >  rorsistent  oni,  •  oar-c.e-s.ze 
;-3:r  cjtion  ana  “‘os:  cu.o  :o  or  are  oorstart  arc  f  ;oi- 
:-oa'  02-  :  es  a'e  cw  r  :oncen‘'’at  or  :cToa'’eo  ‘o  '“e 
5-zcer’ceo  3C.  os  eve- 

”-•0  arc  juscenoec  sc  os  are  eac-  .se'. 
O'-:  are  '^easore^^enrs  :  '-o^er*  ^ses  anp  :o"e  a- 
■'On  oeriveen  ‘"•e"'  srouic  -ict  oe  atte'^'cea 
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Typical  Plumbing  Connections  for  Microtrac  SSM 
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7991  MiCnOTRAC  Particle-Size  Analyzer 

■:*  C3nx.e-ii4'e  ana*v$:  5  n  30or3{Cf'/ 

•  I'?6;  ;nec  'o'  Cij'''  i^-2  ao  anaiySiS 

•  -.a-  an'e  '■:i'  af-^  jr/  cowoe^’S  susoenoec 

•  vats'  .v‘[''  :cf.crai  ac.'.r,  ■“  "ease'-?  scAcar$ 

—  3:r 

«  ~  j'*'-:  «--ai:e  'a-'';-?  ’  ?  •■:  '  *c  : '  3  3  •:  3C0  ^ 

•  .r  vjo  :c'ca  aa^c-e  :s-  arc  cf^cess:-'^! 

•?  ••'e  ■oi.c.vi''g  'ear^'^s 

—  '':-:rirrQ\  -'■sfc^'a-'n  .-.jfDut  -  a  rai 

•:'!''fef 

—  Oogfarcr  '‘se^'s-^ve  samcfe  rc^* 

:eptf3C'cn  jr  ‘actc'v  ranofaieo 

—  aara  :n  >.;?  ^isf^-ounon  ano  jur'ace 
3^93 

—  -eceat  ara-zses  avjp/  3  :v  300  seconcs 

sap'C’e  -;v9o  3  pi^nufes 
~  5/»  'C'  Oara  i'’99r  3 J  "T-' 


7981  microtrac  Partide-Size  Monitor 

•  Oesigneo  fcr  ^n-me  -sai-d/Te  crocass  -nomrorirg 
ir.c  :cnrroi 

■  -iva'^ao.e  p  v/o  stanoara  :;n^Qurattons  /vets;-"'/  r 
3P/  ccwcer 

•  vses  san'^e  xncai  sysie*^  sarrci®  :sm  3^,3  or;c 
9S3'pg  9-eCf:n‘CS  as  VlsC'Ct^ac  Anaiyjar  3"wS 

—  ■,'^r..ir^  33''^-oi9*s;3nc  ’-.Sp''^g  syste*^ 

—  r-g-fai  sr  SPa’cg  :-:otj:s  ■vt:-'  ocai  jigitai  3iso-2v 

—  ^.^ggec  \z\^^  '2  POustriai  9nc:csure 

—  'nre^'ai  sec^r'ry  svsrerp  *3  sefpm  •efT'ote  jpat- 
repoec  coefation 

•  ^'ovides  sarre  3ata  oi-tDut  '■■:fms  as  tr'*  "99’  viic'C- 
■rac  -Analyze"  3ig‘tai  zr  anaicg;  o'us  ary  'p-ee 
:ustO''nef*3cec:fiecJ  Dercent-oassipg  cnanne's  anaicg 
Sureni  outcuts  or  onrter  ootionai 

•  ^saoie  on-.ine  .p  orccsss  'tton’toring  :r  :ri-  irs  p 
'Oufne  analysis 

JSR  ■•3/'  Oats  Sneers  SJ  ''‘22-^  arc  SJ 


Soes.'ors  ?.t:out  3CO/<car'C''s  snoo'cJ  oe  r-'9crec  'o 
."e  "i'/arced  9os-ress  ^eve'romerr  ^eoarrr'enf 
»e9ds  i  Somcanv  'vc""’  'Va^es  '5*^5^ 
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Jn  • 3:f J 


)f|  ,i«D54  JiORrvRtj*  ;ov»fMf 


58  vA-28) 


60  (A- 30) 


NAK( 


r^J  LEEDS  &  NORTHRUP  COMPANY  : 

MICRQTRAC  Suspended  Solids  Monitor 


COMPANY  r  ■  r.rr--  ,Vi«;  =  -  ) , 

Solids  Monitor  -  Abbreviated  Price  List 
Sales  '.•'ork  Sheet 


Load  Rame 

1.  0-250  ppm  □ 

J  2.  0-2Q00  ppm  Q 

Sample  Cell  I’aterials 
—  1 .  Brass/Conper 
J*2.  Stainless  Steel 


S3880  (-10)  Delivery  8  weeks 
$3330  (-20)  Delivery  3  weeks 


P  Stan 
□  S300 


ndard  (-10) 

0  (-20)  Add  1  week 


Window  ^'^terials 

1.  Ootical  Crown  Glass  (0°  -60°C) 

J*2.  Fused  Silica  (Hi  Temcerature)  (0°  -  IZO^C) 
*3.  SacDhire  (Hi  Abrasion) 


Standard  (-10; 

$370  (-201  Add  2 

3240  1-30)  Add  3 


LZj 


j  Samole  Conditionina  None  CU  (-00) 

— *1 .  Debubbler  Std  Mtl  □  $450  (-10)^  □S750  (-11) 

_ 1*2.  Elxternal  Sample  Pump  Cast  Iron  p  SA50 

*3.  Laboratory  Sample  Conditioner  Q  S3950  (-40)  A 


S450  SS  n 

S3950  (-40)  Add  2  weeks 


l_Size  "easuremenr  None  [HI  (-00) 

1*1.  ‘lean  Volume  Diameter.  O-IOV,  O-lOOmV  Output  Q  3660  (-10) 

I  Disolay 

— u.- ,  1.  Anal  PC  fleter  Q  Standard  (-10) 

1 _ 1*2.  Oicital  “eter  Q  SISO  (-20) 

!  *3.  Remote  ."eters  (Analog  or  Digital)  See  Catalog 

j  Remote  Outputs 

_ *1 .  Non-i  solated  analog  current  and  .  ;1  tame  (inter-al)  4-2' 


Remote  Alarms 


dated  Analog  Current  (separate  oac'aae)  See  Cat.  □ 
corder  outputs  O-lOu,  0-100  nV  f  ) Stapriard  (-00) 

1  arms 

Remote  Window  Service  Indicator  Output  |  |  Standard  (->; 

Alarms,  Indicators  and  Controls.  See  Cateloo 


tandard  f-OO' 


Control s 

-]  1.  Remote  Wanual  Zero  Adjust  Inout 
J*2.  Remote  Range  Selection 
*3.  Automatic  Zero  Adjust.  See  Catalog 


Standard  (-00) 


Line  Connection 

1*1.  6-foot  Line  Cord  and  Plug  120V,  60Hz  Q  315  (-66) 

-3.  Conduit  Entry,  120V,  60Hz  Q  Standard  220-60  H  120-50  □  220-50 

(-1^  (-26)  (-  1  51  (-25) 


l-'dr  (-26)  (-15)  (-25) 

Wcuntina  Previsions 

— ! — I  1.  Wall  fount  [Z]  Standard  i-lo) 

_ 1*2.  Gench  "ount  _  SIOO  (-20)  Add  2  weeks 

*3.  Floor  Stand  _  SIOO  (-30)  Add  2  weeks 

I — —  Mounting 

1 _ i  Spares  -  Q  None  (-00)  Reconmended  Spares  (See  Catalog). 

*  Available  at  acditional  cost.  See  Catalog  for  other  options.  Prices  as  of 
Decl,  1978  are  subject  to  chance  without  notice. 


Standard  (-lo) 

SIOO  (-20)  Add  2  weeks 
SIOO  (-30)  Add  2  weeks 


rSLEPf-CNE  2l5  64  3.,-000  .  SAB-S  4C0aESS  .SECS'i:='- 
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The  Versatile  System 

Ziue  ’0  rr’9  nature  at  ultrasonics  ana 

■ng  un  n,j0  Sesign  o'OuraiSC' rnioatof 

ana  cnamce'  ’ng  Mic'o  ^ure  svstem 
'  an  oe  uSeC  'or  ‘n?  —or  lonng  at  'nest 
o-'CS  'no  sy^iem  cDe'ates  nee- 
oenaerinv  of  'oe  ‘njid  s  inermai  or  eiec- 
■r  cai  conauct'Vity  visccsitv  or  ooticai 
orcoerties  'nciuaec  are  Water  an 
atex  ac  as  Oves  inxs  oairrts  nexane 
anc  a  janetv  o*  ‘oca  stutfs  'r'ese  ao- 
ai'Cat  ons  .vouia  aoDiy  to  're  cnemi- 
cai  ‘orao  ohotograonic  /vaste  .vater 
nva'aunc  ana  onarrnaceuticai  inaus- 
•'  es  as  ■well  as  'he  'nanutacturing  ot 
ntegrateo  circuits  ana  ormiing  nxs 

The  Operating  PHneipie 

'he  micro-contaminant  aionitor 
Vlocei  1  ’CO,  uses  jitrason’C  wave  'e- 
"ec’ion  ’0  detect  rriicroscooic  oarti- 
a  es  ana  ouOD'es  in  a  ‘lowmg  hauia 
'h,s  s  accomoiished  Dy  :n«  use  of  two 
seoarate  comoonants.  an  in-orocess 
‘low-tnraygh  uitrasonic  cnamoer  ana 
a  Dutser-receiver  ■noouie  or  rnoniior 

n  oiezo-eiectnc  'ransoucer  element 
— ounteo  in  a  onamoer  external  to  :ne 
■'ijiO  ‘'ow,  -ece'ves  eiecfcai  ouises 
‘'om  the  MCM-i  too  ana  converts  them 
nto  acoustic  waves  These  waves  are 
'ocusec  ana  passed  into  the  'lowmg 
st-eam  Sar'ices  or  ouooies  in  ’he  ig- 
jic  will  -effect  souna  oacK  to  tne  irans- 
.jucer  ivnere  'he  souna  is  reconverted 
■0  an  eiect-'cai  signal  This  signal  s 
■fen  coucieo  to  'ne  -eceive-  moduie 


Osc  .:og'ir^  A  -  vwsj  «•*  ''c<^  '1  'SO  .  .e' 
3-^e‘5ectiC'^ '•3'- 
Pe'iecJi'j'' :''afT'oe'  rva  i 


fhe  MCM-iico  amc'ifies  ano  con¬ 
verts  the  return  Signal  into  a  se'-es  z‘ 
digital  imouises  whicn  are  o'-ocessea 
to  determ.ne  me  size  an.c  -'umce'  'f 
contaminants  -neasurec  sec-ara'e 
logic  function  discriminates  oetween 
mic'Odarticies  and  microouDO'es 
aoove  50  microns 


The  Chamber 

0'  ’*^6  '■*'0  j.' 

Sif  "'e  M'C'o  P  - 
p'oe-e!-.'!  :-3l:  t-  ' , 

r-  __  , 


’act  y  ‘'n 
^er;  :ces  "O’  'e:" 

'TC''  •‘i,;  C  o’"  : 

"'ratp'’  ai  :  -r  . 

asc  ^p  A' ' —  -v- 

''5C'PC' C-'  5.  c’r  •  •- 


•p'  i'" :  .€■>'/ y:  . 

3v5*pf^  ce'’c'~  a^'.:e  ' 
:3‘  o"'-  'ec'j  ' 

Z'  'T'*  ■"  S’p*  i  : 

■?S5  3  -,-" 

'^aia'’ 
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The  Pulser-Receiver  Modules 


The  People  Behind  the  Technology 

Laign  R  Ao.s 

'.f'  -ic.'s  ■’ac  as  3‘0-'Vfe3'C3 
•>"ie  i5ecar'"e'';c'Ca/'c.o>^3scj'a/  a; 

■^i^coe  j.a^- ^oso'fa' i'-^ce '9^3  “"e^cero' 
■ne  -ic^os.'-ca'  Soc.ef/  of  ^‘^er  ca  3''7  S  x. 
’'9  -a;  ^■j'^9^otjS  ouD'  ca:  r  "e  '  9  0  z-f 

^  •.'3SC-'’  c  :a'ec.'  o^  or  '^•c'ooa^  c  es 
-<c-'couoO'es  “*e  nasse'^veo  as  a  ;ons^/r3rf  -o 
-an/  n^a/O'’  r-ianuiaciure'i  o'  oiooa  z  tvje''a!Qr 

79V‘C9S  ’^v9i!:g3liQf'  n  '“e  ^'9‘0  0'  9t- 

’’acO'DOrea!  ■^o^'tor^rig  tor  ’mc'oer'^DO''  eJ  '0 
''-S  O9‘''9i00ir' J ‘'^e  Oatsr^rBO  :9CnriiCue  ^S9C  n 
■  ''9  ^'"asor'C  ^«asj'’e^enr  o'  oar^'Cias  n 

',‘C’<¥<ni5  .  ^QjiCZ 

^'aser'tiy  -^cfs  se'’/«s  35  n’'es- :en' 3' 
w  c'O St'SJe'^s  anTj  .$  ac'-we  »  n...;(v‘3C 
■ne  'Tffve'OO'^^n;  or  our  'eC'r^O' zg'r 

7"  3ey9r.  D. 

P'ofessor  3e/er  "as  saan  3  ‘^e'^cer  ot  -.“e 

OaoarrrT^snt  oi  d‘'0<f/r  ,'~'v9rsiry  iince 

'9^'?  3^0  sarveo  as  'S  C-’^atT/nan  cer-veen 
*963-74  no/as -'WO  O' i  ca'e^fs  s’^esof^Ci* 
or  se/e^a<  rood's  ano  sve'  one  n-jra'ec  ar  :  es 

0r'nc.ca/;v  n 'ne ‘'e."7  0' i^'f^ason'CS  -<9  “as 

:uDer-/'$ea  20  D  ''’eses -n  :r,s '• 
•968-69  “9  se'^Ba  as  P’9S>cerr  gi  :ne 

'^CO-jSl'Cai  S0C‘9lY  of  Amer'Ca  3^3  S  Ojrrgnfv 

C“a’rrTian  or  tr>a  /nrtrnaf/ona-  Zcr^'^<SS'Or'>  or' 
‘^couspcs  n»e  nas  Dean  ar  savzor  'o  •'•e  vf'C'o 
^9sea/’cn  '*'?gra'T*  s-^ca  '9'*^  an-j  5  a 
r^e'-^CB'  of  '1^9  30drc  Z’  ZireC!Or$ 

<ari  S-  Karlsof^.  Vf.O.  ^^.D. 

Or  ^anson  nas  oee^'  a  mamca"  zf  "“e  aarf  ai 
■?Aoaa  I'siana  fnoso>rai  S"^ce  .'97*^  3'*c  -ow 
..a^vas  as  5u'’g»on*.n-C“’ai'7e  v'V'S'on  0* 

Zarc  ovescu^ar  ana  ^^■orac  c  ou'ger'/  -9  “as 
■*ac  aacn-.-y  aoDomr-^errs  af  •nrae  -n  <©'• 
i.i  95  Js."a/“fiv  na 'S /^'o^asso/' ■3/ ve-?  ca' 
jC-ances  3f  S''OWP  Ur>iv9r5itv  ana  ■‘O'-.ncr 
^'o/essor  3/  Bior^-eaicai  S“g>re9'”'g  it  ‘“9 
.''<v9fsi{vof  ®^ooa  /s'anc 

-•  "35  "30  ar  ."'a'9s; ."  axr.'acc'CC'aa'  :.'• 
o^j'at  Qr^  *“.r  "“-ary  years  oar  c-  ar.  -Vf-"-*? 
'-.ncr  o'>oro'Ooco»/99''afo'S  a^r  -“e 
•OnO^'^'C-'CS.'^OO.- 3v  "’9Sa  09/  -.‘as  -s  “’a'- 
as*  “  •■•'(S  .ve'C  o^cv-oec '“a  “^ca^-s 'S' ’"a 
-•ave'OO'n’o":  j*  ’no  y,.-'iscn-c  T9'"oos  :f 
a''*O.Ov?S  Ov  C-*0  ^/.'5 
n  Jogjsf  '9^9  -©Afas'-eo  5  ■?0'’©sa''’3- 
’  /e  <n  carrjiovascuiar  Surgery  -or  a  '.’ar  ona' 
Council  ‘or  'j  3  •C.''’na  V3C§  aaiegatior'  ‘o  ■"© 
^90D‘9Si^9DuOiicotCnina  ^'ese’'t'y  Zr 

Kar'son  serves  as  Cf^-airrran  ot  “’e  3oarc  of 
ytiC'O  I^'jra  Systans.  nc 
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A  Breakthrough  in  Technology. 

Micro  Pure  Systenns.  Inc  introduces  a  new  era 
in  the  .nnonitor'ng  of  micro-contaminants  in  fluids 
y^e  employment  o'  new  tecnniaues  n  ‘ocusea 
ui'rasouna  nas  led  to  the  development  of  a 
patented  system  for  the  m  process  detection  of 
particles  anc  bubbles  beicw  1  micron  m  diame¬ 
ter  Discr  m. nation  between  microsonds  and 
microbubbies  'S  acnievabie  down  to  50  microns. 

This  innovat've  technology  is  the  culmination 
of  yea's  of  'esearcn  by  an  outstanding  team  of 
engineers,  pr.ysicists  and  physicians  at  Brown 
University  and  Rhode  island  Hospital.  The 
MCM-11C0.  featured  here,  evolved  through  an 
effor'  tc  monitor  gaseous  and  particulate  contam¬ 
inants  .n  the  heart-'ung  oypass  circuit  utilized  m 
open  heart  surgery. 

The  combination  of  the  research  and  de¬ 
velopment  endeavors  of  the  scientists  at  Micro 
Pure  with  our  high  quality  of  manufacturing,  nas 
resulted  in  products  of  high  ntegnty.  As  a  result  of 
Its  adaptability  and  capacitv  ’he  range  of  appli¬ 
cations  IS  substantiai.  The  MCM-1 100  'S  the  most 
reliable,  accurate  and  versatile  micrc-contami- 
rant  m.cnnor  available  today 

Micro  Pure  iS  interacting  with  numerous 
Fortune  500  comoames  and  -s  actively  engaged 
■n  msponamg  rp  rhe'r  quality  control  needs 
Micrc  Pu^e  s  scope  of  activity  and  dedication 
•p  your  Quality  .control  functions  will  assure  tne 
success  of  your  error's  to  maximize  product 
'eiiac'iity. 
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■  .  T!AL  PURPOSE  ACCESSORIES  COMPATIBLE 
iTH  ALL  ROYCO  INSTRUMENTATION 

The  accessory  equipn^ent  described  on  this  page  is  conr>pat>bte  with  Royco's  full 
family  of  particle  counting  and  siting  instrumentation  for  both  gas  and  iiauid 
analysis. 


MODEL  107  Alarm  Module 

Analog  Alarm  Module  for  audible  signal  and  meter  reading  indication  that 
a  pre-set  particle  count  level  has  been  exceeded.  Reset  and  audible  cut¬ 
off  controls  are  provided.  Operates  on  115/230  VAC  at  50/60  Hz.  6'/} 
>ncries  (16.5  cm)  H  x  8  inches  (20  3  cm)  W  xH  inches  (27.9  cm)  0  Weighs 
9  lbs.  (4.1  kg). 


MODEL  145  Instrumerit  Cart 

The  Model  145  instrument  cart  'S  designed  to  provide  a  movable  multi¬ 
level  mounting  (or  Royco  particle  counting  systems.  The  unit  is  fur¬ 
nished  with  5  AC  convenience  outlets  and  full  width  storage  drawer. 


MODEL  129  and  129C  Digital  Printers 

Rovco's  Model  129  digital  printers  are  medium  speed,  parallel  entry 
units  that  scan  and  print  out  data  stored  in  multi-channel  memories. 
Operation  uses  reliable  inxed  ribbon  and  standard  paper  Optional 
clock  (Model  129C)  time  dates  printed  data. 


cp- 


SPECIFICATIONS-Model129  and  129C  Digital  Printers 


printing  Speed : 

Format: 
Power : 
Oimensions: 

Weight: 


2.S  lines  per  second;  9  characters  per  line. 

8421  8C0  format. 

115/230  VAC  at  50/60  Hz. 

SVi  inches  (14.0  cm)  Hx7V4  inches(19.1  cm)  Wx14Va 
(36.8  cm)  0. 

20  pounds  (9.1  kg) 


inches 


GENERAL  INFORMATION 
Terms  of  Sale  and  Shipment 

Royco  particle  counting  instruments 
and  systems  are  priced  F  0  9  Menlo 
Park.  California  A((  prices  are  subiect 
10  change  without  notice.  Terms  are  Net 
30  days. 

Leasing  Agreements 

Leases  with  option  to  purcnase  are 
ava’faoie  to  rneef  me  specific  require¬ 
ments  of  each  user  Tou  are  mvited  to 
contact  our  Menlo  Rarn  Headduariers 
for  full  details. 

Warranty 

All  Royco  products  are  warranted 
against  defects  m  materials  and  work¬ 
manship.  This  warranty  applies  for  1 
year  from  date  of  delivery,  or  m  the 
case  of  certain  maior  components 
listed  in  the  operating  manual,  (or  the 
specified  period  We  will  repair  or 
replace  products  which  prove  to  be 
defective  during  the  warranty  period 
provided  they  are  returned  to  Royco. 
No  other  warranty  is  expressed  or  im¬ 
plied  Royco  IS  not  liable  for  conse' 
quentiai  damages. 

Maintenance  and  Service 

Royco  recognizes  its  responsibility  to 
provide  eacn  user  with  the  technical 
support  reauired  to  assure  the  full  eco¬ 


nomic  life  of  each  Royco  product.  Roy¬ 
co  service  centers  provide  repair  and 
replacement  service  to  users  of  Royco 
eouipment  both  during  and  after  the 
new  equipment  warranty  period.  Each 
service  center  maintains  a  fully  trained 
staff  and  an  inventory  of  tested  replace¬ 
ment  parts 


Repair  labor  and  parts  are  charged  at 
the  current  catalog  rates  then  m  effect 
for  all  oui'Of -warranty  service  per¬ 
formed  at  a  Royco  service  center.  Field 
service  for  on-site  repairs  will  be 
charged  at  the  current  catalog  rates 
in  effect  tor  alt  out-of-warranty  repair 
tabor  and  parts  Ail  travel,  meals  and 
lodging  wiff  be  charged  at  cost  for  both 
ih-warrahty  and  out-of-warranty  service 

Preventive  Maintenance  and 
Calibration  Service  and  Contracts 
Roufine  preventive  .*n8infenance  and 
calibration  will  greatly  exter^d  the  use¬ 
ful  out-Of-warranty  instrument  life.  This 
service  >s  available  on  a  demand" 
basis  or  under  service  contracts.  For 
detailed  information,  contact  your  local 
Royco  Sales  office. 


FIELD  ENGINEERING  OFFICES 
AND  SERVICE  CENTERS 
ROYCO  U.S.A. 

Boston 

Telephone  617/891*5320 
Chicago 

Telephone  312,'428.?794 

Los  Angeles 

Teieohone  213»2S7-534U 

San  Francisco 
Telephone  4t5/325-731t 
Telex  .  34-8323 


ROYCO  INTERNATIONAL 

German  Hawksley.  Ltd- 
12  Peter  Road 

Lancing  Sussex  BN  1 5  3TN  England 
Teieohone  2815-6 
Telex  37134 

Royco  Instruments,  inc. 

Dennis  Has'oo.  European  Mariret.ng  Mgr 
3  Cambridge  Rd. 

Brighton.  Sussex  8N3-iOF  England 
Telephone  774238 
Telex:  87323  HASLOP 

Rovco  Instruments.  Inc. 

Uwe  Jessen.  European  Sales  Manager 
Heriigsirasse  St 
7250  Leonberg.2,  W  Ger-ranv 
Telephone  0ri52<47375 

Beckman  instruments.  Lapso  Division 
P  O  Box  3100 

"uHerton,  California  92634  USA. 

ondon  industries  Ltd 
U  '  3  Higashi-Mmemachi 
Ohia  Ku.  Tokyo,  -aoan 
Telephone  4C4/8781-5 
rstex  0242-3320 


lMUjU 


-  '7 


141  Jelferson  Drive 

Menlo  Park.  Calitornia  USA  94C25 

Telephone  4i  5, 325-791  1  •  Te'ex  34-8323 
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PROTOTRON 

PARTICLE 


'  FEATURES 


COUNTER 
MODEL  ILI  1000 


f  ,1^'.  j  ,, 

.'  •Y  .A 


(GENERAL  DESCRIPTION 

Tha  itandard  Prototron  Particle  Counter  includes  both 


•  Makes  in-situ,  quamitstiva  Article  count*-  of  bottled  '1^ 

*-uT  ll'ouidt  -t-s  '*•  Sf,  U^lSRAlt  visual.  Idahtiflaation  of  lasw 

■  Rea^^n^  bitt.;St.;^M';;:2&  and?s«..J,ina  laser  baaifi  for  dateatibn -rf;’  / 

..  V  -  mmH  n»rTiriiiAti»  mattikr. 


•'  Uses  scanning  laser  beam  with  all  soliil  state  electronics 

•  Providas  automatic  digital  readout  after  a  scan  of  10  cc 
in  aoprOKimately  15  seconds 

•  Oetacts  the  number  of  particles  above  a  manually  set 
threshold  between  1  and  1 00  /im 

•  Can  be  usad  to  count  panicles  in  liquids  flowing  through 
transparent  pipes 


APPLICATIONS 


•  Quality  control  of  hydraulic  fluids  &  oils 

•  Particle  count  of  atr  filters 

•  Monitoring  continuous  flow  operations  through  glass  pipe 

•  Inspection  of  pharmaceutical  solutions 

«  Water  quality  testing  for  semiconductor  industry 

•  Quality  control  for  bottled  beverages 
....  and  many  other  applications. 


small  particulate  matter. 

The  31  pound,  compact  unit  (12"  X  24"  X  18")  houses 
tha.  laser  tube,  scanner  and  photo  detection  electronics.  A 
front  partol  knob  allows  setting  of  a  particle  size  threshold 
limit  between  1  and  100  /im.  Particle  counting  and 
illumination  arc  controlled  by  front  panel  pushbuttons.  A 
simplified  schematic  of  the  instrument  is  shown  In  Figure  1. 
The  laser  beam  focuses  inside  the  bottle  in  a  2  cm  long 
"sensitive  zone"  as  shown  in  Figure  2. 

The  secondary  lens  picks  up  scattered  light  (in  the 
annulus  around  the  target)  from  all  particles  in  the  path  of 
the  scanning  laser  beam.  However,  the  photo  detection 
electronics  only  registers  those  particles  m  the  "sensitive 
zone",  which  are  larger  than  the  size  specified  by  the 
threshold  setting.  Usually,  dust  particles  on  the  bottle  wall 
do  not  affect  the  count,  as  long  as  the  wall  is  not  in  the 
sensitive  zone.  However,  optical  discontinuities  should  be 
avoided. 
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Onc«  the  count  button  ts  pushed,  the  revolvinq  laser  beam 
scans  a  ijtai  volume  of  <0  cc  tn  15  seconds,  and  the  digital 
readout  dvsptays  the  average  numberof  pactrelet-with  sizes 
above  the  threshold  limit  in  one  cc  of  liquid. 

8v  taking  sequential  measuremenn.  qualitative  size  dis* 
tr^biftron  data^  can  be  developed,  or  the  threshold  selector 
can  be  locked  to  provide  statistical*  quality  control  data  at 

one  setting. 


MAINTENANCE 


■^he  P'-ototron  Particle  Counter  is  fully  covered  bv  i  one 
vear  tvarraotv  and  the  laser  life  is  rated  -t  10.000  hr$.  The 
Aartanry  inciudes  replacement  of  the  illumination  lamp  and 
fhe  'aser  tube  Other  than  such  normal  replacement,  the 
jf-'t  IS  /''^fuaiiy  maintenance  free. 


OFERATiCM 

?oefa?ion  of  The  ®rofotron  Particle  Counter  consists 
of  three  steps  il'  jentlv  agitate  the  sample  of  bottled 
'iguid  TO  produce  a  uniform  suspension.  (2)  Place  ooctle  m 
the  'V"  notch  and  rotate  to  a  point  where  the  laser  beam 
enters  and  leaves  unobstructed.  Praia  the  "Cofjnt" 
button.  Within  1 5  seconds,  the  total  panicle  count  per  cc  u 
displayed  on  the  digital  readout. 

In  addition,  by  pressing  the  "Illuminate"  button,  a  light 
table  may  oe  used  to  visually  datect  particles  larger  than  40 
microns.  The  light  table  goes  off  when  the  "Count"  burrort 
is  pressed 


SAFETY 

The  Ase'  us-j.)  <r  'ip  m  •  ,  •>  ,  .* 

at  one  m:iiiwat:  . 

pfimarv  -ens  Vut-^au. 

sorbed  oy  tre  target  Ihe  c<‘"‘t,  '  I'lr-, 

has  recommended  ;:ia*  rr.-  -J  .  •  .  '  ,3  a  ■ 

and  OSHA  accept  .ase-s  '■  'njn;  v.r'i 

less,  for  retaiiveiy  uiwes''  .‘-.i  Tr-ernf 'n»;  ■'  j 

totron  Part'Cia  Coii'"-''T'  ^  -v..  Lhe  v  '.P*’-. 

regulations 

specifications 


Size . 

ur'  :‘‘5  -r.'  '■  ?'  '-y  ■■■ 

u.-n  V  .v;'je  2  J'  .O''  •  'r-r. 

Weight  .... 

31  .:Miinr,-s  1  I  4  C.6  <’1 

Power  . 

1  1  b  -M'lK  50  ''  3"  ''R  "s.  ^ 

fieu  To  'J30  vT*!?  b'j  '  i 

OF'aUordep)  '  ‘ 

Oispfay  . 

Outputs . . 

.3- digits-  • 

•<  »■ 
Conneet'O'is  orovijp’:  ’''ify 

nai  aiafn’,.  ;)/'nier  .'S'' iM.-scoot 
of  pulse  jngi 

Bottle  Size . . 

.  20  to  200  TttTi  msioe  .l^l■••'•'3l 

Bottle  Material 

T'.jnsperent.  icra?'-:-'-  f’Re  :'-r,  ■  ■  t 

oiast'C 

Bead-Out  Volume  . 

’  CuO'C  oei'UifnAU-'r 

Detectable  Panic;®  -iiza 

.  .dv  •• 

fo 

vVa*  */  (y 

.'ipr  ,  ..  4.  .J<,) 

ORDERING  INFORMATION 


The  Pi'ctotron  P*jf!,:ie  CiXi'':"'  na  .•  r-i  .  u?’ 
from  Spe<.^irex  Co‘ ii  "TTiy  ^'’>0  ease’j 
an  ootion  to  buy  ;3Jan,'  To  jrrange  ?  '‘-t-.r  .■.>  < 

-415)  365-6567  QuafTiu/  :iscv;n.. 'is  jT'?  sv^n.-ir'ie  :r 
more  information,  write  jr  calf  Soi?c'.rR.<  Cvjriiorst'O'-'. 


CAUTiON 


1  ^  I 


3594  HAVEN  AVENUE,  REDWOOD  CITY,  CALIFORNIA  94063 
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CORPORATION 


3804  HAVCN  AV8NU8.  I%KDWOOO  CITY,  CAUIPOffNlA  84063.  (418)  368>68a7 


PRICE 

QUOTATION 


LASER 
PARTICLE 
COUNTER  and 
ACCESSOR I 


NO.  TITY 


’'J- 


•DBSCHIPTION 


FRICE 


1 

1 

ILl  1000.  Pacticie  Counter  (llOV) 
including:  (1)  carrying  case; 

(2)  3  bottles;  calibrated  check 
suspensions  (3)  neutral  density 
filter. 

67000 

• 

.  S8'200.00 

2 

1 

Particle  Profile  Attachment 

Model  3.  (Microprocessor  with 
"mass  distribution"  and  "settling 
scan"  modes.). 

67008 

$5500.00 

3 

1 

Opacity  Meter. 

67012 

_ 

$  350.00 

F.O.B.  REDWOOD  CITY,  CALIFORNIA 
THIS  QUOTATION  IS  VALID  FOR  60  DAYS 


yi/79  jmh/aunk 
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APPLICATION  NOTES 


'  CLASSrFICATlON  OF  HYDRAULIC  Ff  UlDS 

Several  standard  classification  systems  have  been  established  for  hydraulic  fluKis  l  asod  uimv 
their  particulate  content.  A  typical  one  recommended  by  SAE  is  NAS  1018  whicii  spec  'ic;  nr  ni 
concentration  limits  for  particles  ranging  in  diameter  from  5  micrometers  to  v/ev  irr  niii  rn  i  ' 

The  Prototron  ILI-1000  provides  a  quick  method  of  establi.shing  die  class  number  of  an  unkr  v- 1  ’’1:11;. 

First  a  200  ml  sample  0/  the  unkoetin, if, placed  In  a  2S0mL  beaker  and  .stirred  to  estaMir-h  <  in, 
pertioulate  distribucki^.  *ni4>i|enMA#^  ellowed  to  remain  qjilet  for  approximately  20‘SeGords  't 

uponr.the  T|^>l|^)0&-aad' five  readmit  are  taken,  re 
Slatting  the  instrumrat  threahetd  between  eadt  reading.  These  readings  would  for  example 
^e  the  number  of  partlGles  per  mUlillter  greater  than  100  micrometers,  the  number  groatei  ilian 
^ee>w; ^eatw  tba^lS-,  and  the  number  ^eater  ^aii  5.  By 
iit; seifeegr fee  number  c^'pairtlcles'irrdie  range  berwien  bd  and 
100  can  be  determfeed.  In  aj.#6iiiliar  ^s^ion  each  of  the  other  specified  size  ranges  can  be  deiei  t'  H  '.i. 
These  values  are  then  compered  with  die  maximum  limits  keeping  in  mind  that  many  liruius  am  gi  ven 
on  the  basis  of  100  millllltBrs.  v.  . 

.  .  i.  '  -  .m'" 

For  very  clean  fluids  an  averaged  series  of  readings  at  each  level  ca.n  be  used  to  increase  llio 
statistical  significance  of  the  determinations.  Hiis  Is  possible  because  the  test  is  non  tesa"  ictivc . 
This  represents  a  significant  advantage  over  other  available  automatic  particle  cm  uing  >  v  ite.n.,'. 

If  the  fluid  is  very  dirty  it  may  contain  more  than  1000  (articles  greater  than  1  ;  <.n;  •  u 

milliliter.  This  should  be  checked  and  if  it  is  the  case  the  sample  should  be  diluted  witii  j  ip 
filtered  clean  solvent  and  the  measured  particle  concentration  correett  f  ‘  r  this  dibirion  la'i 
Keeping  the  count  less  than  1000  will  prevent  excessive  co-incidence  counting  frona.  Jestroving  rjn; 
accuracy  of  the  determination. 


An  example  of  a  test  of  MIL-H-5606  hydraulic  ♦’•■ic  hlch  has  been  added  0.  S  nig/liter  ui  .'a’ 
FINE  test  dust)  follows: 


Size  Threshold 
5 

15 

25 

50 

100 


Reading 


Diffeientlal 

part/ml 

227-35  =  192 

35-11.5  =  23.5 

11.5-2.4  =  9.  1 

2.  4-0.  5  =  1.9 

0.  5-0.  0  =  0.  5 


•  These  readings  are  average  of  10  counts  to  increase  the  statistical 


Class  8  Max  Limits 
part/ml 

640 

114 

20 

3.6 

n.6 

significance. 


Because  the  differential  values  are  all  less  than  the  Class  8  Max  Limits  we  can  conclude  rtni  'Jus 
test  fluid  corresponds  to  Class  8  of  NAS  1638. 
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'r  ..  ,  K  ■  ■■  - -  V.  ;• 

.ju.  •■<■■.  .•  .r  .  -ij  v^. 

COMPARISOtvr  OF  THE  SPBCTREX  "PROTOTRON"  TO  OTHER 
_ PARjy-PJll_CP_l^NTEJ\S _ 

The  Coulter  Counter  is  designed  to  count  blood  cells  and  does  an  excellent  job 

for  this  specialized  application.  It  works  on  the  principle  that  blood  cells  do 

not  conduct  electricity  but  blood  plasma  does.  A  diluted  sample  flows  through  <.•  *. 

an  insulati^  orifice,  and  the  eleetrlcsal  resistance  of  .the  liquid  column  witftin  4.!'.'" 

the  orl^ce  l»  m^surtd*  ^Pafssg*. 


^  -V  '  ■■  % 

reason  3«treriy  iimiedv  ffow.rMSLls 


range-  limitat£ott‘i&'  ^Ele  Goti.t<tt'm:etiiipdi  jiqjiiiis  other  than  electroiy^s  dan  be 
examined.  The  flow  cell  stili  limits  the  flow  rate  but  hot  as  severely  as  dOM.  the  ' 
Coulter  otilfce.  The^largest  disadvantage  of  these  ojAical  particle  counter*  is  fli-'ii-  '< 
that  the  flow  cells  require  windows  and  these  windows  become  dirty  with  use. 

Dirt  on  the  window8?effects  the  accuracy  of  th^  caUbration  and  usually- forces  the  '  -  ^ 
user  to  frequently  clean  the  cell  and  re-caiihcate  the  instrument.,  The  rapidly 
moving  liquid  in  the  cell  generates  pressure  waves  which  usually  limit  the  smallest 
detectable  particle  to  2  microns.  ,  <■■  ■  .'  ,  ..h  i 


The  Prototron  also  uses  optical  light  scattering  but  its  method  is  unique  in  that  the 
liquid  is  moving  very  slowly  and  therefore  contains  no  pressure  waves.  The  laser 
beam  is  moving  rapidly  to  produce  the  necessary  scanning.  This  accounts  tor  the 
greater  sensitivity  of  the  lU-lOOO  and  permits  measurement  of  particles  as  small 
as  one  micron.  The  time  required  for  a  single  determination  of  these  small  par¬ 
ticles  is  substantially  faster  than  with  any  other  counting  method.  The  other 
unique  feature  of  this  instrument  Is  the  optical  system  which  keeps  the  sample 
container  walls  out-of-focus  and,  therefore,  counts  only  the  pjartlcles  suspended  in 
the  liquid.  This  feature  permits  the  measurement  of  particulates  in  sealed  containers. 

.  ,  '  '  "v  .  V- 

When  flow  cells  are  used,  a  flow  measuring  system  is  also  required,,  and  the  count 
accuracy  is  limited  by  accuracy  of  this  flow  measuring  system.  The  lU-lOOO  electron¬ 
ically  times  the  scan  period  and,  therefore,  avoids  inaccuracies  in  flow  measurement 
associated  with  all  other  automatic  particle  counters. 
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SOUD^TATE  POWER  COrJVERSION  EQUIPMENT 

STANDARD  CUSTOM  INDUSTRIAL  MILITARY 


DC-TO-AC  INVERTERS 


UPS/STANDBY  POWER 


MODEL  1057  300- W AH  INVERTER 

Economically  pnced  and  Ideally  suited  for  waveshaoe  sensitive  electronic  equiomeni  such  as  oscilloscopes, 
chart  recorders  and  video  tape  recorders,  the  frequency  stable  300  VA  Model  1057  inverter  is  an  inexpensme 
alternative  to  sme  wave  power  The  switching  mode  wave  shaping  technique  yields  a  thrae-ievel  step  wave 
shape  which  has  approiimately  the  same  peak  tprms  voltage  tatto  as  a  trve  sirte  wave  The  Model  1057 
nvertirs  art  gruiected  against  overloads,  short  circuits  and  reversed  poieniy  of  dc  input  line.  Versions  for 
npiii  voltages  of  12  Vdc.  24  Vdc.  32  Vac  and  36  Vdc  are  standard  Outputs  of  115  VacSO  Ht  or  230 
ViCiSO  Ht  are  also  standard  A»  models  are  aoproximaiely  60%  efficient  from  one  helf  to  full  load  and  have  a 
frequency  stability  of  z  0.25%.  The  Model  1Q57  is  packaged  for  portable  or  stationary  use.  with  a  coiv 
venieni  carrying  handle.  All  versions  are  8*4"  high  i  1 1“  wide  x  8%"  deep  and  weigh  25  pounds.  Units  are 
shipped  from  stock  Single  pic-cc  price  for  ail  versions  is  )374  00  each.  Resale.  OEM.  and  quantity  discounts 

MODEL  1057 

MODEL  1172  HEAVY  DUTY  INVERTER 

The  Model  11 72  <s  an  mespensive.  rugged.  500  watt  squara-wive  invarttr  dasigned  to  powar  haavy  duty 
loads.  This  inverter  will  provide  a  2  to- 1  surge,  approximatefy  1 000  watts,  for  htgfviniush  loeds  such  at  small 
powar  tools,  refngarator  compressors  and  incandescent  lights.  The  Model  1 1 72  is  a  moduier  invartar  and  two 
units  may  be  easily  paralleled  m  the  field  for  added  continuous  and  surge  power  Versiorts  for  input  voltages  df 
12  Vdc  24  Vdc  and  32  Vdc  are  standard  Output  voltages  of  1  IS  Vac  or  230  Vac  and  50  Hz  or  60  Hz  are 
also  standard  All  versions  are  more  man  60%  efficient  for  most  of  thair  output  (oad  range.  The  frequency 
siabilMy  IS  t  2  Hz  and  the  output  voHag*  'S  proportional  to  the  input  voltage  AN  Model  1 172  imrerters  are 
7"  fxgh  1  8’’^“  wrda  ill"  deep  and  wargh  32  pounos.  The  single  piece  price  of  ail  versions  is  (335  00  each. 
Resale  OEM.  and  quantity  discounts  are  avatiable.  Umis  are  normally  shipped  from  stock.  Request  buVetm 
IQIIA. 

Wilmore  Electronics  rnanufacturet  other  inver.ers  m  the  iS-watt  to  500  veett  power  range.  Othr  squanh 
wave-output  invrtirs  are  available,  and  for  those  loads  that  art  eiirtmY-'  wave-shapa  and  frequeAcy 
sensitive,  regulated  stepped-wavt  or  sint-wave  mvertars  art  also  availablt.  Pfeasa  contact  our  sales  depen- 
ment  for  mformation. 


MODEL  1252  AUTOMATIC  STANDBY  AC  POWER  SUPPLY 

Sannus  p’oblerru  mav  result  when  commercial  ac  power  is  unexpectedly  interrupted  to  sensitive  loads,  surii 
as  point  of  sale  lermmals.  communication  systems  or  monitoring  equipment  Such  interruptions  art  becomng 
mo'e  conmonplaca  and  many  people  are  exploring  point  of  use  uninterruptible  power  supphes  like  the  Wilmore 
Model  1252  to  neep  their  systems  ooeratmi;  When  commercial  ac  power  fails,  this  standby  ac  power  source 
contin  les  to  suopW  needed  power  to  your  toad  by  switching  to  mvartar  operation.  Upon  restoration  of  ac 
power  't  e  Modal  >252  automatically  returns  to  normal  line  operation,  and  me  internal  battery  charger  ra- 
:nargcs  me  batteries  Two  bas'C  versions  aie  available,  one  providing  a  three-level  stepptd  wave  appronma 
non  to  a  :ine  wave  output  and  250  warts  pt  power,  and  the  other  supplying  500  watts  of  square-wave 
power  Standard  Oaiterv  mput  '-oHaqes  are  12  Vdc  and  24  Vdc  Ail  units  are  5%  '  high  *  1  7”  wtdt  i  14” 
deeo  and  weigh  45  pounds  'hey  ran  be  ''^tailed  m  a  standard  19”  rack  or  they  may  stand  alone.  The  Model 
1252  svstem  consists  of  inverier  battery  c.'arqer  and  switchover, protection  circuitry.  The  battery  is  not 
nc  uded  ''he  user  has  the  flexibility  lo  size  and  specify  a  battery  to  fit  fus  particular  system  and  desired 
‘lucv  up  ’ime  Single  piece  price  i$  $575  00  each  Resale.  OEM.  and  quarttity  discounts  are  availablt.  The 
Mooei  '  .'52  <s  r'ormallv  shipped  from  Slock  Request  bulletin  6021. 


MODEL  1252 


50  VA  to  I  kVA 
High  .Surge  Capability 
Frequency  Stable 
Rugged  hut  Ligtiiwaight 
Highly  EMicient  i80S  Typicall 
and  Low  No  Load  Power 
Consumption 


bJsImexc 


PO  Boi  1  329  Hillsborough  N  C  27278  U  S  A 
Telephone  t919i  732  9351 


NEW  INVERTER  AND  UPS  PRODUCTS 

With  modeu  ranging  m  power  raimg  front  50  VA  to  1  KVA.  the  Senes  1400  mvar^ers  considtrsblY  broeden 
Wilmore  s  dc  to-ac  product  line.  To  be  introduced  m  mid  1980.  these  conseryativflv  designed  mvertere 
represent  rugged,  rahable  cost-effective  solutions  to  a  wide  variety  of  needs  for  frequency  stable  K  power. 
Their  improved  output  waveshape,  surge-handling  capabifiiy.  and  abiliiY  to  handle  a  wide  range  of  loed  power 
factors  ensures  compatibility  with  most  loads,  evan  thosa  normally  convdered  to  bt  "trovbltsomt '  for  sohd- 
staiainvanan. 

'toncurrently  with  thi  introduction  ol  the  Sanas  1400  invanars  Wilmora  is  introducing  the  Stnes  1401  Ltn- 
•nttrruptibia  Power  Supplies  As  with  the  Sertes  1400  mvertars  on  which  this  UPS  Imi  is  based  models 
wMhm  the  Senes  1401  range  m  power  rating  from  SO  VA  to  I  KVA 
NormaNy  sold  wiihoui  a  baitary.  Sants  1401  modals  feature  a  stil-con 
tamed  battery  charger  'requency  siable  mvenet  and  kne-tbinverter 

-•*  ....  ’OMri' 
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APPENDIX  B 

VIBRATION  SIGNATURE  ANALYSIS  OF 
AHT-64  HYDRAULIC  TEST  STAND 


NOTE;  The  19  figures  presented 
in  this  appendix  were  ex¬ 
tracted  from  H  total  of 
78  charts.  These  are  dis¬ 
cussed  in  the  analysis. 
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VISPCO  VfBRATiON  SPECtALTY  CORPQRATtON 


f Ob  Geiger  Ro9(3  ^hnaaeiphia  Pa  *9^^ 
215I-9S  OfiCO 


'hir.-h  30.  1979 


I  :  1  !•  T.  i'.-^  -.r  ier  C-26024  ,  our  engineer 
I’  ’'  .'.ii  Ofove  '.'.ival  .\ir  Station.s 

•7,'  Our  j.iurpo?e  xu;  to  perforrri  a 
■  ’  >•'  \HT-04  hydraul'C  test  stands 
•:  •:  n4’''s  ind  f  re  ) uene  i e.s  . 


t  at  seven  locations  on  the  test 
i'.acran.  Signatures  were  recorded 
f'.l  ax-.i’.  directions  under  idle 
■  ;  .  irted  (  3000  psig).  unloaded 

■  .  h  ■>  Ignat  are  i,  see  Figure  A  )  shows 
,  1 1  ;  ',n  versus  /equency  in  hertz, 

;  1  r  >  r  h.rr.  1  c  with  full  scale  equal 

i'j<-n<jy  (horizontal  scale)  is 
■  ■  ^  4  -,7  re-olution.  described  in  tne 

’  '".^tion.  total  overall  vibration 
■■  i:..;  1  >-,st  stand  operating 


'  (I  yv  ■  r-'-o-  •.ari^'d  by  :i  txc.Tor  of  two  or  more 

'  •  '  w  -,Ttrai.->  i  I  .  t  i-'ii; :  ura  1  integrity  differences, 

0‘ a  •  li'-rgy  I’.!  :--r'-:i.''s  V.bration  f  reiiuenc  y  response  was  con- 

■'  ini  0  o  on  '-St  -,ta:ids  -  'hat  is.  3'iil  hertz  was  the  ma.jor 

■  '  ina  soonso  f  r‘"iii>-n('y  . 

bi  .scr.s.s  roiJ 

i3a,->  1  .la  1  1  y  all  input  energy  wa.s  mea.sured  at  positions  6  and  7, 
Test  losirion  d  was  the  liydraulic  pump,  where  loaded  (  3000  psig) 
u’.d  unloaded  (zero  gauge)  pressure  variations  were  tested.  Measured 
and  rooorded  were  the  change  in  vibration  energy  level.j  produced  by 

■  iie  two  conditions. 

.bland  -143  showed  considerable  increase  in  vibration  (almost 
duai^i-)  with  load  (.see  Figuro's  20  .ind  41).  Stand  -i!7  showed  very 
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little  increase  (about  10  percent),  as  seen  in  figures  O'”'  .inu  77 
The  major  vibration  frequency  was  360  hertz,  or  nine  ii’ni.;-.  t ‘r- 
operaiing  speed  (2400  RPM  =  40  hz)  .  It  was  determined  that  f  :!>■ 
pump  had  nine  pistons  working  axially,  which  explains  the  high 
ninth  harmonic  response  in  all  test  positions,  prednini  nant  1  y  i  :. 
the  axial  direction. 

Test  position  seven  was  the  diesel  engine  on  boili  .staniK, 
rotating  at  2400  RPM,  with  or  without  pressure  load  on  the  pump. 

The  engine  vibration  levels  recorded  on  each  stand  were  verv  sim¬ 
ilar,  and  there  were  no  appreciable  changes  with  pump  loading 
(Figures  22,  43,  62  and  78).  The  major  frequency  source  fr'''m  the 
diesel  was  the  40  hz  signal  and  the  associated  harmonics. 

Structural  vibration  response  was  measured  and  its  freqency 
spectrum  signature  recorded  at  five  different  locations  on  the 
AHT-64  structure.  Remember,  the  major  frequency  on  all  signature.s 
on  both  test  stands  was  360  hertz. 

The  highest  amplitude  response  (2.2g)  on  stand  Mo.  143,  was 
a'  position  5  (Figure  36)  which  is  the  underside  of  the  base  .stru.-tur 
of  the  stand.  A  level  almost  equal  to  this  ( 2g )  was  recorded  in 
the  axial  direction  at  positions  1  and  3  (figures  26  and  32) 

Positions  2  and  4  showed  levels  around  1 . 5g  (Figures  29  and  3.3,;. 

In  comparison,  test  stand  No.  117  had  the  highest  re^pi.uise  >7g) 
at  position  4  axial  (Figure  73).  Th<=  ne.xt  highest  re.sDcn.se  m 
staiid  No.  117  w-  3  3  to  4  g's  (still  higher  than  No.  143)  at  jioSiti  'ris 
2  and  3  (Figures  67  and  68).  Positions  1  and  3  had  levels  ar  uud 
1  to  2  g’s. 

The  only  explanation  for  this  dra.stic  difference  in  re.spon.se 
between  these  two  test  stands  would  be  the  way  the  control  pan«l  ;  . 
connected  to  the  rib  structure  at  those  points.  In  other  woru.s, 
stand  No.  143  is  stiffened  by  the  rib.s  being  rigidly  c'onnected 
together  by  the  control  panel  and  stand  No.  117  is  less  rigid  by 
being  loose  or  possibly  not  connected  at  all,  thereby  allowing 
this  center  point  to  vibrate  excessively. 

CONCLUSION 

The  excitation  energy  on  each  test  stand  wa  similar,  pro¬ 
ducing  a  similar  frequency  response.  However,  the  amplitude  re.sponse 
was  different  by  a  factor  of  two  or  more.  Thereto  e,  the  instrument 
package  which  is  to  be  mounted  on  the  AHT-64  striic  m-e  must  be  ablf?  t 
withstand  vibration  frequencies  around  360  hertz.  However,  the 
amount  of  vibration  energy  it  must  withstand  is  still  in  question. 

If  we  assume  that  test  stand  No.  143  had  "good” structural  inte¬ 
grity  and  needs  no  further  reinforcements,  etc.,  and  we  assume  that 
test  stand  No.  117  could  be  fixed  and/or  reinforced  enough  to  respond 
similar  to  No.  143,  then  the  amount  of  vibration  energy  which 
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I'hi''''" 

ruaT  i'f?  w;ihst:-aod  by  the-  instrumentation  would  be  2  g's  if  mounted 
■'n  the  front  of  the  stand  below  the  control  panel  (positions  1,2  and 

i  1 

R1lC0M,MENT)ATI0N 

Assumpt  iijtis  were  made  in  the  last  paragraph  which  we  recommend 
O'-  eliminated  through  further  testing,  inspections,  and  modifications. 
The  future  tests  would  not  have  to  be  as  detailed  in  terms  of 
fre-iu*?dcy  response,  only  amplitude  response.  Amplitude  can  be 
:ru  a.surt^u  and  recorded  more  easily  than  the  previous  tests  using  a 
•i'in,,duoer  and  an  overall  vibration  meter  capable  of  displaying  at 
i  a.-,!  two  of  the  three  engineering  parameters  -  acceleration, 
c  1  t  V  ,  and  displaC'Sment  . 

;  would  estimate  four  to  six  test  stands  could  be  monitored 
in  one  day,  obtaining  the  orthogonal  amplitude  responses  at  the 
3.,ine  .seven  locations  on  the  stand  operating  in  the  pressure  loaded 

■  liuition.  It  would  be  -idvisable  to  inspect  the  test  stands  closely 
tor  loo.se  bol'-s,  cracked  welds  or  structural  members.  This  can  be 
lone  wi’-h  the  same  vibration  meter  with  a  strobe  light  attachment. 

I*  d . :  f  ereti es  .vere  found  through  this  inspection,  I  would  suggest 
.r:o^ofiv‘  .neasure.s  be  performed  if  possible.  In  this  way  we  would 

■  as.-ir'^d  of  similar  structural  integrity  between  test  stands. 

'■)ur  barges  for  the  engineering  testing  and  analysis  would  be 
:  .loo  i-.r-r  da/  :  on-siie  services.  Theri=-  would  be  no  additional 
''.irg‘-  ‘.  'T  inalysis  completed  in  cur  engineering  center.  Travel 
.lid  lie:.'’  expenses  i  r.'. -.r  red  during  the  test  program  are  also 

ill'  .  lied  in  r.h>-  ai,'  u  p;  i.;e. 

■.V>  tiiank  you  lor  the  opportunity  to  provide  our  service.  If 
1  :ia'.  >■  any  'p.iest’ons,  please  do  not  hesitate  to  contact  us. 


Very  truly  yours. 


84  (B-4) 


NAEC-92-146 


ORTHOGONAL  LEGEND 


VERTICAL 


HORIZONTAL 


AXIAL 


Figure  A  -  Vibration  Signature  Positions 
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VIBRATION  SPEOALTY  CORPOPATION 

100  GEIGER  ROAD  PHILADELPHIA  PAIOH':  ■  i211>!  O'l!'  (  >i-'L  4/'  iL4t< 


August  27,  198:j 


Mr.  Edwin  Roberts 
Sanders  &  Thomas 
P.O.  Box  50 

Lakehurst,  New  Jersey  08733 
Dear  Mr.  Roberts: 


Enclosed  is  the  report  of  the  test  conducted  on  tlie 
two  oil  monitoring  systems  as  furnished  by  vou.  We  would 
at  any  time  appreciate  the  opportunity  to  serve  you  again. 
If  you  have  any  questions,  please  call. 

Very  truly  yoLn:',. 


drifY' 


EUGEtJE  J  .  SL^'fRAMM 


Manager  of  EiKiineerung 
and  Teclinical  Sen' '■  i 


EJS/mf 

Enclosure 
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The  test  was  conducted  in  two  phases;  the  first  being 
the  Environment  One  concept  and  the  second  being  HIAC 
Pacific  Scientific  concept. 

A.  TEST  SET  UP 

The  initial  test  setup  is  as  shown  in  Picture  No.  1 
It  contained  an  oil  reservoir  of  approximately  three  gallons 
and  a  motor  pump  combination  capable  of  delivering  up  to 
10.3  gallons  per  minute  at  approximately  20  psi  and  3.3  gallons 
at  100  psi.  The  piping  system  was  set  up  with  a  bypass 
so  that  all  or  any  portion  of  the  fluid  could  be  returned 
directly  to  the  reservoir.  Through  this  method  we  were 
able  to  flow  from  1  1/2  gallons  per  minute  up  to  the 
maximum  of  11  gallons  per  minute  by  adjusting  the  control 
valve  in  this  line.  Two  pressure  gauges  were  inserted  in 
the  line  to  monitor  the  pressure  and  see  if  there  was  a 
substantial  pressure  drop  through  the  sensing  device.  The 
vibration  was  imparted  to  the  test  article  by  an  electro¬ 
magnetic  shaker  system  mounted  under  a  resonant  beam  that 
was  tuned  to  360  HZ.  The  control  accelerometer  was  used 
to  verify  the  vibration  level  and  controlled  to  read  2.2  g's 
±  5  percent. 

During  the  initial  attempts  to  calibrate  and  check  out 
the  Environment  One  concept,  problems  were  encountered  with 
air  trapped  in  the  system  so  that  adequate  flow  and  pressure 
could  not  be  obtained.  The  reservoir  and  plumbing  were 
altered  slightly  by  increasing  the  volume  of  the  reservoir 
and  installing  a  stand  pipe  to  bleed  off  any  entrapped  air. 

At  the  same  time,  the  flex  hoses  were  changed  from  a  con¬ 
voluted  type  to  a  smooth  interior  wall.  This  enabled  us 
to  obtain  any  flow  or  pressure  combination  we  desired. 


108  (c-3) 


NAKC-92-  I  Af, 


^  test  procedure 

The  following  sequence  was  established  for  both 
systems.  Due  to  problems  with  the  HIAC  concept,  it 
was  necessary  to  deviate  from  this  procedure.  The 
procedure  used  on  the  Environment  One  unit  was  as 
follows: 

1)  with  the  unit  installed  and  hooked  up  for  fluid 
flow, 

2)  the  sensor  was  positioned  on  the  resonant  beam 
and  the  controller  on  the  nearby  table.  Oil  was 
pumped  through  the  system  and  the  meters  monitored 
for  response.  Approximately  10  minutes  were  spent 
at  this  configuration. 

3)  Still  in  the  same  position,  the  shaker  was  activated 
to  impart  vibration  only  to  the  sensor.  The  meter 
was  monitored  for  any  changes.  Approximately  five 
minutes  were  spent  in  this  mode. 

4)  The  controller  was  now  positioned  on  the  resonant 
beam  and  fastened  to  uhe  beam. 

5)  The  shaker  was  again  activated  and  the  meter 
monitored  for  any  change.  At  all  times,  the  force 
input  was  controlled  to  2.2  g's.  Approximately  10 
minutes  were  spent  in  this  mode. 

The  procedure  for  the  HIAC  was  to  be  the  same,  but 
throughout  any  attempt  which  included  vibrating  the  sensor, 
we  were  unable  to  obtain  any  indication  that  the  unit  was 
working.  The  light  on  the  front  of  the  panel  labeled 
check  sensor  showed  no  malfunction  as  d  1  the  alarm.  As 
a  last  resort,  a  large  quantity  of  AFD  was  added  to  the 
fluid  and  pumped  through  the  system  for  some  time.  Again, 
no  reading  of  any  kind  could  be  seen.  As  a  precaution, 
the  cable  was  checked  to  make  sure  that  it  was  intact. 
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C.  RESULTS 


The  results  can  best  be  illustrated  by  Pictures  3 
and  4.  Throughout  any  attempt  to  cause  a  deviation, 
the  fluid  flow  test,  the  vibration  test,  the  loosening 
and  jingling  of  the  sensor,  rotating  the  sensor  through 
90°  and  180°,  the  readings  remained  rock  steady.  The 
flow  meter  performed  as  designed.  We  reduced  the  flow 
to  1.6  gallons  and  it  read  8  percent  of  full  scale. 

We  increased  the  flow  to  full  flow  and  it  read  52  per¬ 
cent  of  full  scale,  or  10.4  gallons.  We  repeated  each 
condition  several  times,  with  it  repeating  the  reading 
constantly. 

Although  no  attempt  was  made  to  rotate  the  controller, 
you  could  pick  it  up  by  the  handle  and  move  it  in  any 
direction;  up/down,  back  forth,  with  no  effect. 

The  HIAC  tests  were  discontinued  at  the  direction 
of  Mr.  Roberts,  since  no  data  could  be  obtained. 

D.  CONCLUSIONS 


The  Environment  One  unit  performed  as  its  specifi¬ 
cations  delineated  and  was  not  effected  in  any  way  by  the 
360  HZ  at  2.2g. 

The  HIAC  unit  was  judged  to  be  unsatisfactory  since 
it  would  not  function  at  all. 
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